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Oeacrlpti n 



La prtsente invention concerne des nouveaux Imidazolides at un proctdt pour leur obt ntion. Les 
imida2oiidea aelon I'lnvention conviennent notamment comma agents da couplage de prottines, an 
particulier pour la synthase de conjugues cytotoxiques utilisables en therapeutique. 

Les composes selon I'lnvention rtpondent k la formula : 



N-CO-E-G (|) 



_ / 
10 dans laquelle : 

E represents un groupe — (Chyp— , ou p est un nombre entier de 2 k 7 ou un groupe : 

-T- 

15 CH2COOH 

et Q est un groupement de structure — S-S— X, ou X est un radical activateur choisl parmi ies groupes 2- 
pyrfdyie et 4-pyridyle non substitute ou substitute par un ou des halogtaes ou des radicaux alkyte, 
* carboxyfe, aJkoxy-carbonyle, le groupe phtnyle non substitut ou substitut par un ou des haiog&nes ou 
20 des groupes nftro, alkoxy, carboxyle ou alkoxycarbonyle, ou un groupe altoxycarbonyle. 

Las termes « alkyle » et « alkoxy » dtsfgnent des groupes contenant jusqu'd 5 atomes de carbone. 
Les nouveaux composts de formula I sont prepares par le procedt qui consists k faire rtagir un 
compost de formule : 

25 3-6-C00H (II) 

dans laquelle Q et E sont tele que dtfinis cf-dessua, avec le carbonyldilmida20le de formule : 




(III) 



dans un sofvant organique, k la temperature de 10 k 40 °C. Les sotvants tthtrts, tela que le dloxanne et le 
35 tttrahydrofuranne sont particulferement prtftres. 

Las composts de formule I sont particuli&rement utiles comme agents de couplage sur les 
hydroxyles des tyrosines de prottlnes, telies que les prottlnes A et P, dtfinies ci-aprts pour i'obtention 
des conjugues ou Immuno-toxines qui font I'objet de la dernande de brevet fran$ais dtposte ce jour au 
nom de la demanderesse et intitulte « nouveaux conjugues cytotoxiques utilisables en thtrapeutlque et 
40 proctdt d'obtention ». 

Ces immunotoxines rtpondent k la formula statistique suivante : 

P'-W-A' (IV) 

45 dans laquelle F reprtsente le radical d'une prottine P qui est un antlcorps ou un fragment d'anticorps te! 
quel ou chimlquement convenablement modiflt, privt d'une ou plusleurs fonctions propres et dans 
lequel les autres groupes fonctionnels sont tventueUement bloquts. A' reprtsente le radical d'une 
prottine qui est la sous-unitt A de la ricine telle quelle ou chimlquement convenablement modifite, 
prlvte d'au molns una de sea fonctions propres et dans lequel lea autres groupes fonctionnels sont 

50 tventuellement bloquts et W reprtsente une structure covalente bivatente contenant un groupe disuifure 
dont les atomes de soufre sont soft ceux des cysttines de P et A, soft sont I its aux fonctions propres de P 
et/ou de A par dee structures d'espacement portant un groupe foncttonnel lit auxdites fonctions propres 
de P et/ou de A ; avec la limitation que, lorsqu'un des atomes de soufre dudtt dlsutfure est celui de i'une 
des cysttines de A, 1'autre soufre est lit k la prottine P par une structure d'espacement portant un groupe 

55 fonctionne! lit k une fonction de la prottine P autre qu'une fonctbn amine. 
Les immunotoxines prtftrtes rtpondent k la formule statistique : 

F-W— A' (V) 

60 dans laquelle F et A' sont tels que dtfinis ci«dessus et W reprtsente une structure covalente choisie 
parmi : 

(a) un groupement de formule 
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— Z"— Y— E— S— S— (E— V— r)n— 
(b) un groupement de formula 

5 

— (NH— Y* — E)r>— S — S — E— Y— Z— 

ou 

<- Z et Z represented les fonctions propres des prolines A et P. choisies parmi I'atome d'oxygine 

10 provenant de I'hydroxyle de run des residue de tyrosine ; le groupe carbonyle provonant de Tun des 
carboxyles terminaux ou des carboxyles libres des acides aspartiques et/ou glutamiques de A et de P ; le 
groupe provenant de la structure dlaldehydique obtenue aprte oxydatlon de ta structure glucidique de P 
par I'acide periodique ; et le groupe — NH— provenant de Tune des amines terminales de A et de P ou de 
Tune des amines en position epsilon de Tun des rfeidus de lysine ; 
15 r est tel que ddfini ci-dessus pour Z et Z mats ne peut pas fitre — NH— ; 

Y et r representent des groupes fonctionneis capables de se Iter d'une fa$on covalente avec I'une 
quelconque des fonctions Z. Z et r des prot6ines A et P ; 
E et E representent des structures d'espacement Inertes ; et 
n reprfeente z6ro ou 1. 

20 Les immunotoxines ci-dessus sont representees par les formules IV et V en forme simplifies, mats ii 
est entendu que la structure covalente bivalerrte -W ou — W— est H6e k au moins une molecule P et a 
au moins une molecule A. Le nombre de liaisons avec les prolines P et A depend du nombre des 
fonctions propres desdftes prolines Intervenant dans ('operation de coupfage. 

Par exemple, si une immunotoxine est formfe par couplage de la sous-unite A de la riclne native avec 

25 i'anticorps P (par exemple I'anticorps T101) par I'lntermedialre d'une structure covalente bivalerrte ayant 
un groupe disulfure dorrt un soirfre est celuf de la cysteine 257 de la chaine Adeia riclne et I'autre est lid 
aux oxygines pMnollques des tyrosines de I'anticorps P par un groupe oxopropyiique, eile aura la 
formule statistique 

30 P(0--CO— CH2-CH2--S— S—A')t 

dans laquelle t represents le nombre des tyrosines de i'anticorps (par exemple de I'anticorps T101) 
intervenues dans le couplage. 

L' immunotoxine ainsi obtenue correspond ainsl k un produit de formule V, ou : 
35 F est tel que dtfini ci-dessus, notamment le radical de I'anticorps T101 prive de t fonctions 
pMnoliques de ses tyrosines ; 

A' est tel que ddflni ci-dessus, notamment le radical de la chaine A de la riclne privee de la fonction 
thiol de sa cysteine 257 ; 

W est le groupement (c) : 

40 

— P— Y— E— 8— S— (F— Y*— Z)n— 

oil r est I'oxygdne des hydroxyles phdnoliques Intervenus dans le couplage, Y est —CO— ; E est la 
structure d'espacement inerte — CH2— CH2 — et n est zero. 
45 Particulierement pr6f6rtes sont les Immunotoxines form6es par une ou plusleurs structures 
contenant la sous-untte A de la riclne et un seul anticorps P, representees par la formule statistique 

P'fW-A'jm tVD 

50 dans laquelle P, W et A' sont tels que def into cWessus et m represerrte le nombre de fonctions propres de 

ta proteine P intervenues dans le couplage. Le nombre m varie de 0,3 k 12, de preference de 0,5 k 10. 
L'expresaion « m varie de 0,3 k 1Z de preference de 0,5 k 10- signifie que la valeur de m est 

statistique car dans la population des molecules d'anticorps le couplage ne se produit pas d'une fa$on 

homogene. Le nombre m peut done ne pas dtre entler. 
55 La valeur de m depend notamment des anticorps utilises, plus particulierement de leur poids 

moieculaire. 

Ainsi, si comme anticorps P de depart on utilise un fragment Fab ou Fab', la valeur de m pourra varier 
entre 0,3 et environ 2 ; si Ton utilise un fragment F(at/)2, m pourra varier entre 0,5 et environ 4 ; pour un 
anticorps du type IgQ, la valeur de m sera entre 0,5 et 6 ; enfln, pour un anticorps lgM, la valeur de m 
so pourra varier entre 1 et 12. 

II est cependant pr6ferabl que le degre de substitution sur I'anticorps P soit t I qu'il conduise a une 
valeur de m non interieure k 0J5 et n n superteure k 10. 

Plus generalement, les structures IV et V ci-dessus representent des formules statlstlques ecrites de 
fa$on simpimee, comme ii a ete specifie ci-dessus. 
65 D'une fagon analogue, les formules VII, VIII et XII cWessous sont egalement statistiques — lorsque, I 
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cas ehearrt, n est 1 — car les rfectifs de couplage sont pteparfe k partlr de populations de proteines PI et 
P2 qui ont toutes exactem nt les ntemes propri&fe que cedes prises en compte cf-dessus pour 
I'anticorps P. qu ces proteines PI et P2 soierrt elles-ntemes I'anticorps P ou la chafne A de la ricin . 
Les immunotoxines ayant la structure IV ci-dessus peuvent etre obtenues par le proced6 qui constste 

5 k faire reagir en solution aqueuse et k la temperature ambiante une proline PI, qui est indifteremment 
soit la sous-unite A de la ricine 6ventuellement modifife soit un antlcorps ou fragment d'anticorps, 
porteuse d'au moins un groups thiol libra attach* k ladite proteine PI directement ou par I'lntermedlaire 
d'une structure d'espacement avec une proteine P2. differente de PI, qui est indifteremment soit la sous- 
unit* A de la ricine soit un anticorps ou fragment d'antfcorps, porteuse d'un groupement capable de 

10 couplage avec le thiol libra de la proteine PI t de fa$on k former une liaison thlofther ou disulfure ; avec la 
limitation que, dans le cas de la formation de la liaison disulfure, lorsque la proteins Pi est la sous-unite A 
de la ricine, la liaison avec la proteine P2 est effectuee sur une fonction de ladite proteine P2 autre que ies 
fonctions amine. 

Selon un aspect ptettrentleL le proc&tt pour la preparation d'une immunotoxlne ayant la 
75 structure V, dans faquelle P r , W et A' sont tela que dAfinis ci-dessus, consists k fairs rfegir en solution 
aqueuse et k la temperature ambiante une proteine de formula 

P1'-<Z-Y_e)n-SH (Vii) 

avec une proteine de formule statistique 

PZ-T— V— F— G (Vllt) 

ou PV et PZ reprfeentent les radicaux des protelnes PI et P2 life aux fonctions propres desdites 
2$ protelnes ou les radicaux des protelnes PI et P2 provenant de I'ouverture des structures glucldiques par 
action de I'acide perfodique, 2, r, Y, Y, E et E sont tele que cttfinis cMessus et G reprfeente un groupe 
— S— S— X, ou X est un groupe activateur, 6tant entendu que lorsque PV est la sous-untte A de la ricine, n 
est 1 ou bien n petit 6tre z6ro, male, dans ce cas, Z est autre que— NH— . 
Autant P que A sont done des protelnes qui presentent indifteremment 
30 (1) la ou les fonctions thiol qui participant au couplage et 

(2) un ou plusieurs groupements fonctionnels capables de rfegir avec les fonctions thiol ci-dessus 
pour former une liaison disulfure. 

Dans la prfeente description, lesdftes fonctions thiol et groupements fonctionnels sont ceux des 
protelnes P ou A natives, ou bien lis y sont introduits artiflciellement 
35 Pour des raisons de clarte on ptecise ci-aprfe la signification des symboies utilises pour dfeigner les 
protelnes ci-dessus ou leurs radicaux et des expressions utiilsfes pour dfeigner les dlfterents symboies. 

Le symbole P reprfeente une proteine cholsie parml tout anticorps ou fragment d'anticorps, ou touts 
immunogiobuline ou fragment d'immunoglobuline ou touts mottcule d6rfvant des ptecfeentes par 
modification artfflcielle de Fun quelconque de leurs groupements fonctionnels, y compris des structures 
40 glucldiques qu'elles portent sous rfeerve que la proteine alnsl choisle rests capable de reconnaftre 
seiectivement un antigine donrte k la surface des cellules porteuses de cet antigfcne et notamment des 
cellules cancdreuses. 

Le symbole A reprfeente une proteine qui est la sous-unite dtta chafne A de la toxine v6g*tale ricine 
telle qu'elte peut *tre directement obtenue k partlr de la ricine natureile ou touts mottcule d^rtvant de 
4$ cette chafne A par modification arttficielfe de tout groupement fonctionnel portf par cette proteine sous 
rfeerve qua la proteine alnsl choisle prfeente encore la proprttte d'inhiber la synthtee proteique 
ribosomale des cellules eucaryotes telle que Ton peut la mettre en feldence dans un modtle d'6tude 
acellulaira. 

Le symbole F reprfeente un radical dirtv6 de la proteine P cMJessus telle quelle ou chimiquement 
so convenablement modlflfe, privfe d'une ou plusieurs fonctions propres et dont d'autres groupes 
fonctionnels sont tventuellement bloqufe. 

Le symbole A' reprfeente un radical d6rtv* de la proteine A ci-dessus telle quelle ou chimiquement 
convenablement modlflfe, privfe d'une ou plusieurs fonctions propres et dont d'autres groupes 
fonctionnels sont feentuellement bloqufe. 
55 Le symbole PI reprfeente une des protelnes A et P tetles que dtfinies cklessus qui ports des 
fonctions thiol llbres, attachfes k ladite proteine directement ou par i'intenrtediaire d'une structure 
d'espacement 

Le symbole P2, different de PI, reprfeente une des protelnes A et P telles que dtfnies ci-dessus, qui 
ports un ou plusieurs groupements fonctionnels capables de rfegir avec lee thiols llbres. 

60 Le symbole PI' reprfeente le radical de la proteine PI (tt aux fonctions propres de la proteine P1 
notamment les fonctions SH (de la cysteine), NH2 (terminal d (a proteine ou dans la position epsilon des 
lysines), OH (des tyrosines), COOH (des acldes aspartfques et glutamiques) ou I radical de la proteine PI ♦ 
provenant de I'ouverture des structures glucldiques par action de I'acide periodique lorsque PI designs 
un anticorps ou fragment d'anticorps. 

65 Le symbole P7 reprfeente le radical d la proteine P2 jtt aux groupes fonctionnels caracteristiques 



4 



EP0169112B1 

NH2 (terminal de la proline ou dans la position epsllon des lysines), OH (des tyrosines), COOH (des 
acldes aspartlques at glutamiques). 

Par sxemple, PV— SH reprteente la proline P1 (qui peut etre Indlfteremment I'anticorps ou fragment 
d'antlcorps P ou la sous-unite A de la racine) dans taquelle les groupes SH des cysteines sont libres et les 
5 autres groupes fonctionnels s nt eventuell ment bloqute. 

De la meme fagon, PV— CO— reprteente la proteine PI, dans laquelle son groupe carboxylique 
terminal ou les groupes carboxyliques de ses acldes glutamiques et aspartlques sont couples avec un 
groupement qui apporte un groupe SH Introduft artiflclellement. 

Encore, 92 — NH — reprteente la proteine P2 (qui peut §tre Indfff6remment 1'anticorps ou fragment 
10 d'antlcorps P ou la sous-unite A de la Heine) dans laquelle son groupe amino terminal ou les groupes 
amino de ses lysines sont attachte k un groupement susceptible de coupiage avec le thiol de la prot&ne 
PI. 

(.'expression « groupe fonctionnel capable de se tier d'une fa$on covalente • telle qu'utiHste tci pour 
Y et Y dteigne tous les groupes susceptibies de rtegir avec les fonctions propres des proteines P1 et P2 

15 pour donner une liaison covalente. AinsL les groupes —CO— et — <C»NH)— sont des groupes 
fonctionnels convenabies susceptibies de se lier aux amines libres, aux thiols et aux hydroxy les 
phenoliques des proteines. De meme, le groupe — NH — est un groupe fonctionnel convenable 
susceptible de se lier aux groupes carboxyliques libres des prolines. Le groupe *N— est un groupe 
fonctionnel convenable susceptible de se lier aux deux atomes de cartoons des structures g lucid iques des 

20 proteines PI ou P2 aprte oxydatlon avec les Ions perfodate torsque PI ou P2 dteigne un antlcorps ou un 
fragment d'antlcorps. 

L'expression « fonction propre des proteines » telle qu'utlliste Icl pour Z, Z et Z dteigne les radicaux 
provenant dee groupes caractertstiques des acldes amlnte formant les proteines PI et P2, telles que 
I'atome d'oxyg&ne provenant des hydroxy les des acldes amlnte tyrosine et eventuellement serine, le 

25 groupe carbonyle provenant du carboxyte terminal ou des carboxytes libres des acldes aspartique et 
glutamfque, le groupe — NH— provenant de famine terminate des proteines ou des lysines, I'atome de 
soufre provenant du thiol de la cysteine. La mdme expression dteigne dgalement le groupe provenant de , 
la structure dialddhydlque obtenue aprte oxydatlon de la structure gludiclque des proteines PI ou P2 par./ 
traitement avec les ions periodate lorsque PI ou P2 dteigne un anticorps ou fragment d'antlcorps. 

30 L'obtention de la chains A de riclne pure, rtecessaire * la realisation des Immunotoxlnes deflnies ci-% 
dessus, a et6 dterite dans le brevet US 4 340 535. La preparation d'anticprpe monoclonaux dirigte contre : 
des cellules canc6reuses humaines a 6te targement mentlonnte dans la literature scientrfique et ' 
beaucoup de ces anticorps sont maintenant dtsponibles commerclalement 

La coupiage chimique entre la chafne A de riclne et 1'anticorps (ou fragment d'antlcorps) peut etre. / 

35 realist selon des modes operatoires qui : • - 

prteervent les activate biologlques respectlves des deux composants du conjugue : 1'anticorps et la- 
chains A de riclne, 

assurer* au proc6d£ une reproductible satisfalsante et un bon rendement de coupiage, 
permettent de maftriser la valeur du rapport chaTne A de rlcine/anticorps dans le conjugue obtenu, 

40 conduisent * un prodult stable et soluble dans I'eau. 

Parmi les modes operatoires tepondant k ces caractertstiques, II taut prtvil6gler ceux qui mettent en 
csuvre une ou plusleurs fonctions thiol pour retablissement de la liaison entre les deux proteines. En 
effet, ces fonctions thiols se prdtent particulferement blen * retablissement de liaisons disutfure qui 
satisfont aux conditions gerterales cMessus. 

45 D'une fa^on generals, pour la bonne condulte des rtections de coupiage entre proteines at en vue 
d'eilmlner notamment les reticulations anarchlques, II Importe que I'une des proteines * coupler et elle 
seule porte la ou les fonctions thiol k mettre en csuvre, alora que I'autre proteine et elle seute porte une ou 
plusleurs fonctions susceptibies de rtegir avec lee thiols en milieu aqueux de pH compris entre 5 et 9 et k 
une temperature ne depassant pas 30 °C, pour foumir une liaison covalente stable et detlnie. 

so Les caracteristlques des proteines PI et P2 utllls6es comme produits de depart sont illusttees en 
detail cl-aprte. La structure d'espacement £ peut fttie remplacee par lea structures ptettremielles R k R8 
qui ne sont domtees qu'& titre d'exempte. 

I — Gas de la proteine PI 

55 

Cette proteine etant dans tous les cas cells qui porte la ou les fonctions thiol qui participeront au 
coupiage, la situation se presents de fa$on diverse selon la nature de cette proteine PI. 

A) La proteine PI porte naturellement un ou plusleurs radicaux thiol utillsabtes pour permettre le 
60 coupiage k la proteine P2 : e'est notamment le cas si la proteine PI est Is fragm nt d'antlcorps connu 
sous la denomination de F(ab)\ tel qu'il est classiquement obtenu par proteolyse timttte de 1'anticorps en 
presence de pepslne, suivie d'une reduction du (ou des) ponts disutfure entre chaines lourdss. 

C'est egalement le cas si la protein PI est la chafne A de la riclne, ou un derive de cette chalne A ou 
Pun au moins des groupements thiol portte par les rteldus de cysteine 171 et 257 de la chalne A de rlcine 
65 native est libra et accessible au coupiage chimique. 
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Dans tous ces cas, la protein PI porteuse de son (ou ses) groupement(s) thiol naturals peut at re 
utills^e dans cet etat pour I'etape de couplage. 

B) La proteine PI ne porta pas naturellement de radlcaux thiol utilisables pour permettre le couplage 

5 k la prot6ine P2 : 

— c'est notamment le cas si la proline PI est una immunoglobullne native, un anticorps entier ou 
un fragment d'antlcorps et notamment Tun des fragments couramment ddnommfe F(ab)'2 ou F(ab), 

— un autre cas ou la proteine PI na porta pas naturellement de fonction thiol utillsable pour le 
couplage est celui ou cette proteine PI est la chatne A de ricine ou chacun des deux residua de cysteine 

10 est sort bloqud par alkytatlon, soft inaccessible k la modification chlmlque. 

Dans tous les cas, il conviendra alors d'introduim arttficiellement sur de telfes molecules une ou 

piuSieufS fOnOtiOna thiui aptes k pcimciuw te CCupiags. 

Troia types de reaction peuvent dtre utilises de preference pour rtntroduction de fonctions thiol : 

75 1 — Le premier type de reaction est Taction de I'anhydride S-ac6tylmercapto succinique qui est 
capable d'acyter des fonctions aminees de la proteine. On pourra ensuite llbdrer les fonctions thiol par 
Elimination du radical acetyl protecteur, par action de r hydroxy tamine, ains! que cela a ete dScrrt 
(Archives erf Btochemistiy and Biophysics, 119. 41-49, 1967). On pourra mdme, dans le cas ou la (ou les) 
fonctions(s) thiol ainsi Introduites sous forme protdgde doivent reagir uMrieurement avec un radical 

20 disulfure mbcte acttv*, se dispenser de la ddprotection prtalable par I'hydroxytamine ; en effet, la reaction 
de formation de la liaison disulfure utilisant les rtactifs objet de la prisente invention se produit aussi 
bfen avec le radical S-ac6tyl qu'avec le thiol libra. 

D'autres m&hodes decrites dans la literature scientifique peuvent aussi 6tre utilistes pour 
I'lntroductlon de fonctions thiol sur ta proline k modifier. 

6 2 — Le deuxidme type de reaction consists k faire rtegir la proline par ses groupements 
carboxyiiques avec une molecule dlamlnte symttrique prtsentant un pont disulfure, de formute : 

H2N — R1 — S— 6 — R1 — NH2 

30 dans laquelle R1 est un groupe aliphatique comportant de 2 k 5 atomes de carbone. 

La reaction se fait de prtttrence avec la cystamine [R1 » — <CH2)2H en presence d'un agent de 
couplage tel qu'un carbodlimide et notamment un d6rtv6 soluble dans Teau comma l*6thy!-1 (dimethylami- 
no-3 propyl)-3 carbodlimide, et conduit k la formation, salon les stoechiomdtiies mises en csuvre, de I'un 
des d6rfv6s suivants ou du melange des deux : 

35 

PI'— CO — NH — R1— 6 — S — R1 — NH2 ((Va) 

P1'M»^W^1--S--S^1^r^^ (IVb) 

40 Un tel produit de reaction peut Stre ators utilis* de deux manures : 

a) Si dans les formufes la ou lb, la proline PI est la chatne A de ricine ou I'un de ses derives le milieu 
riactionnel obtenu est soumis sans fractionnement k Taction d'un rWucteur tel que le mercapto-2- 
6thanol, ce qui conduit k I'obtention d'un d6rW prottique unique de formula g6n6raie : 

45 

PI'-CONH-RI— SH 

Le produit alnsi obtenu est alors purtffc par dlatyse ou filtration sur gel. 

so b) SI dans les formules IVaetlVble radical PI' est le radical de la prortine PI constitute par un 
anticorps ou Tun de ses fragments, le milieu rtectionnel obtenu sera utilise tel quel pour le couplage en 
utilisant alors une mtthode d'6change thiol/disulfura par exemple celle ddcrite par Ciiiiland et Collier 
(Cancer Research, 40, 3564, 1980). 

55 3 — La troisl&matype de reaction consists k utlllser des motifs glucldiques naturellement presents 
sur les anticorps pour fixer le radical porteur du thiol que Ton se propose dMntroduire. La prot6ine est 
alors soumise k une oxydation par les Ions periodate afin de faire apparartre des fonctions aldehyde sur 
les motifs glucidiques. Apris arrftt de la reaction par addition d'un excfes d'6thylene glycol et elimination 
des sous-produits et exc&s de rfactlfa par dlalyse, le produit obtenu est trait* par une motecale diaminee 

60 sym6trique prtsentant un pont disuifure, de formula generate 

H2f4— R1—S— S — R1— NH2 

dans laquelle R1 est un groupe aliphatique comportant de 2 k 5 atomes de carbone. Les produits 
65 d'addltion formes sont alors rtdults en amines secondares ou tertiaires par action d'un hydrure 
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mttalliqu convenabl , notamment le borohydrure de sodium. La reaction se fart de preference avec la 
cystamine [R1 = — (CH2)2— ] et conduit k (a formation, selon fes stoechiomftrles mises en ceuvre de Tun 
des derives suivants ou du melange des deux : 

5 

OK 
I 

N-R1-S-S-R1-NK 2 (Va) 

10 ^CH X 

I 

OH 

OH OH 
15 I | 

^CH^ /CH 

PT N-R1-S-S-R1-N PT (Vb ) 

\CH^ ^CH^ 
I | 
OH OH 

Le milieu rtectionnei obtenu pourra alors dtre traits exactement comme indiqu* ckiessus pour les 
produtts caracterlses par lee structures IVa ou IVb ou F1 represente un anticorps ou fragment 
25 d'antlcorps. 

Dans les deux dernlers types de reaction d'Introduction artfficielle de groupements thiols ddcrits ci* 
dessus (ceux utilisant un reactff disulfure diamine symttrique), il est prittrable que la proteine P1 mise en 
oeuvre ne possdde ni groupes SH fibres, nl groupes amines libres. 

Dans le cas de la chaine A et de ses d$riv$s ceia peut toujours etre rtelisd par alkylation du ou des SH 

30 naturals obtenu© par reaction avec un r6actff usual des thiols tel que le N-6thylmal6ilmlde ou t'acjde 
lodacettque ou Tun de ses derives et par mdthyletlon des NH2 naturals selon le proced6 de methylatibn 
reductive d6crtt par MEANS et FEENEY (Biochemistry 7, 2192 (1S68)). On peut introduire ainsi dans la 
chaine A de ricine native jusqu'i 6 radicaux mfthyle par mole. La proline ainsl modiftte conserve 
I'lntggralitd de ses proprtetes biologlques et notamment sa capacity k inhiber la synthase prot6ique 

35 ribosomale dans les cellules eucaryotes. 

Dans les cas des antlcorps ou fragments d'antlcorps et plus g6n4raiement de toutes les substances 
du premier groupe tel que dtflnl pricWemment qui ne possddent pas de groupements SH naturellement 
fibres, il conviendra de proc6der k une m6thylatton reductive, par exemple selon la mtthode de MEANS et 
FEENEY : on peut ainsi habituellement Introduire plusieurs dizaines de radicaux methyie par mole 

40 d'antlcorps sans modifier sa capacity k reconnaltre s&ectivement un antlgftne k la surface des cellules 
porteuses de cet antlgdne. 



il — Cas de la proline P2 

45 Cette proline est dans tous les cas cells qui porta un ou plusieurs groupements fonctlonnels 
capables de rdaglr avec les thiols de la prottine PI pour former une liaison disulfure. Ces groupements 
fonctlonnels, toujours arttficlellement introduits sur !a proteine P2 sont cholsis comme indique ctaprfes. 
La preparation du conjugu6 peut alors Stre represents par le schema : 



50 PI'— (Z— Y— E)n— SH + P?— Z"— Y* — E— S — S — X — ^ 

PI'— {Z— Y— E)n— S— S— F— Y*— 2T— P2* + X— SH 

La proline P2 substitute par un atome de soufre active est obtenue k partlr de la proteine P2 elle- 
55 mdme ou de la proline P2 correctement prot£g6e, par substitution k I'aide d v un rtectif luf-meme porteur 
d'un atome de soufre activ6 selon le schema : 

P2 + L— Y* — R— S — S— X — PZ—Z—Y—FT-&-S—X 

60 dans lequel : 

P2 dteigne la proteine k substttuer 

L— V represente une fonction permettant la fixation covaiente du rtactff sur la proteine. 
Le groupement fonctionnel L— Y* est une fonction capable de se Her de fagon covaiente avec rune 
quelconque des fonctlons port6es par les chalnes tartrates des aminoacides constltuttfs de la proteine k 
65 substitu r. Parmi celles-ci, on citera notamment les fonctions phenols des radicaux tyrosyte contenus 
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dans la proteine. Dans ce cas L— Y pourra notamment repr6ssnter un groupemsnt imldazolyH-carbonyl, 
reagissant avec les groupes phenol de la protein selon la reaction : 

P2'ca + 



ft 



N-00-R4 3> P2 , <CO-R4 + NH 



(la) 



ou fe 1-imWazolyle est U Is groups CO est Y st R4 est le groups -R-S-S-X, Le compos* de formule la 
est un Imidazolide selon rinvention. Le radical — S— S— X design© un disulfure mlxte active capable de 
r§agir avec un radical thiol libra. En partlculier, dans ce disulfure mlxte, X pourra designer un groupe 
pyndyl-2 ou pyridyK eventueiiement suostrtue par un ou dss radicaux alkyle, haiogene ou carboxylique. 
X peut aussi designer un groupe pMnyle de preference substitue par un ou des groupes nrtro- ou 
carboxylique. X peut encom representor un groupe alcoxycarbonyle tei que le groupe methoxycarbonyle. 
75 Le radical R designe ta structure d'espacement (Indiquee comma E dans la formule generate II ci- 
dessus) capable de porter simuttanement les substltuants Y et S— S— X. II devra etre cftoisi de fa$on k ne 
pas comporter de fonctions susceptlbles d'lnterferer au cours des reactions ufterieures avec les reactifs 
utilises et les prodults synthetis6s. En partlculier, le groupe R peut fitre un groupe — {CH2)n— avec n 
compris entre 1 et 10, ou encore un groupe : 



RS - CK- 
I 

CH- 

I 

R6 



dans fequel R6 designs I'hydrogdne ou un groupe alkyle ayant de 1 & 8 atomes de carbons et R5 designs 
un substituant inerte vis-Ik-vis des riactffe utilises ulterieurement tei qu'un groupe carbamate 

- KH - C - OR7 

30 ii 

O 

• 

oCi R7 designe un groupe alkyle droit ou ramrftt ayant de 1 k 5 atomes de carbone et notamment le groupe 
tertiobutyle. La reaction du comoose L— V— R— S— S— X avec la proline P2 est effectute en phase 

35 liquide homog&ne le plus souvent dans I'eau ou una solution tampon. Lorsque la solubility des reactifs 
I'exige, II est possible d'ajouter au milieu r6actionnel un solvant organique mlscible k I'eau k une 
concentration finale pouvant atteindre 20% en volume iorsqull s'agit d'un aicooi tertialre tei que le 
butanol tertialre pu 10% en volume Iorsqull s'agit du dimethytformamide ou du tetrahydrofuranne. 
La reaction est effective k temperature ambiante pendant un temps variant de quelques minutes k 

40 quelques heures. Aprte quoi, una dialyse ou une filtration sur gel permet d'eitminer les produhs de falbie 
masse moiteulaire et, en partlculier, les excte de rtacttfs. Ce precede permet d'lntrodulre un nombre de 
groupementa substltuants par mole de proteine habituellement compris entre 1 et 15. 

En utillsant de tela composes, le couplage avec la proteine PI est realise par miss en presence des 
deux prolines en solution aqueuse de pH compris entre 6 et 8, k une temperature ne depassant pas 
30 °C, pendant un temps variant de 1 heure k 24 heures. La solution aqueuse obtenue est eventueiiement 
dlalysee pour eiiminer las prodults de falbie masse moieculaire, puis le conjugue peut dtre purifie par 
dlverses methodes connues, 

Alnsi, les imidarolides selon rinvention conviennent comme agent de couplage des proteines Pi et 
P2. lis permettent I'obterttlon des nouveaux prodults ayant la formule statistique : 

so 

P2--O--C0-E-G (IX) 
dans faquelle P*2 represents le radical d'une proteine choisis parml 

55 (a) tout antlcorps ou fragment d'anticorpa ou toute Immunoglobullne ou fragment d'hnmunoglobu- 
line ou toute molecule derfvant des prdcedentes par modification artifidelle de 1'un quelconque de teurs 
groupements fonctionneis ; et 

(b) la sous-unite A de la ricine ou toute molecule derivant de ladite sous-unite A par modification 
artificial de I'un qu Iconque de leurs groupements fonctionneis ; 

60 led it radical etant prfv6 d'un ou pluaieurs groupes hydroxy les phenollques des tyrosines 

— Tatome d'oxygene est celul des groupes hydroxyles phenollques manquant dans le radical PZ ; 

— E et G sont tels qu definia ci-dessus. 

Les prodults de formule IX sont prepares en faisant riaglr un produit de formul 
65 P2%-OH 
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dans laquelle P2* est tel que deflnl ci-dessus et le groups hydroxyle est rhydroxyl phenolique manquarrt 
dans lei tyrosines du radical P2\ avec un compose de formule I cWessus a une tempera ure de 10 * 
40 °C dans un solvant aqueux cont nant eventuellement un solvant organique mlscibie a I eau, tel que 
par exemple un solvant ethere comme le dloxanne ou le tetrahydrofuranne. 
P Les examples qui suivent permettent de mieux comprendre nrrvention sans en llmtter la portee 

5Tns tow ces examples, la preparation des conjugues sera ddcrtte , a ipartlr ^deto chaineA de ricine 
sous sa forme native, telle qu'elle est obtanue par le procede decnt dans le brevet US 4 340 535. 
I oo anticoros utilises dans ces examples sont : _ , , 

sort I'anticorps monoclonal T101 dlrige contra I'antigene T85 present sur les lymphocyte Thumains 
et de nombreuses lignees de cellules de leucemfes T humaines. Cet anticoros est celui d6crtti dans 
Journal™ myology 125 (2). 725-7 (1980). II est commerciatement disponible aupres de HYBRITECH 

ln& ^lSr,S2oll2*AT15t dirlge centre .'antigen. Thy u de. rymphocytes murins. Cet 
an«£n» est dec* dans Journal of Immunology 122. 2491* (1979) et a ete obtenu a part,r de 
15 I'hybridome decrit dans Hybrldoma 1 (1) 13-17 (1981) 
so it un antlcorps monoclonal antl-ONP. 

Exemple 1 

de I'hydroxyle des tyrosines, 

A) Preparation du r6acttf de couplage 

25 !I s'ag* de I'lmidazollde dMv6 de I'acide (pyridyW 001 imldaz0lid6 

^btient en une seule 6tape k partir de I'APDP et du carbonyl dlimldazole (COI). 



30 




>S-S-CH 2 -CH 2 -COOH 



i 

C^ s - S ^H,-CH 2 H:o. l f = 1 ♦ co 2 . ♦ m(~\ 

B) Preparation de la chalne A de ricine correctemerrt fonctlonnalisee 
1) Blocage du thiol naturel par le N-ethylmalelmide 
nmm «*. ■*—• * t^ltrr^i*" 

addttionnes d'une solution aqueuse de mercapto-2-ethanoi. ae teiie sone qu» » 

55 ce dernier soft de 1 u . rnn tinu cant re du tampon phosphate 

La solution est laissee au repos une heure. pute dlalyste en "JJ"««3J tfELLMAN (Methods in 
1 25 mM P H 7 renouvele pendant 40 heures a rataon de 300 ml/h. d e ricir« 

EnzymoiScy 25. 457. 19?i). on ^ °** u s ^ d^crtte dans 

On procede au blocage de cettetenctlon SH ^*^"J^S^L™ a I'etape precederrte est 

80 Methods In Eulogy 11.5*1 (196?^^ 

incubee pendant 2 heures a 30 <C en presence de 20 ' S^SS I phosphate 125 mM pH 7 
A. On elimine I'exces de reactlf par dla*se en continu contre d « *J^J^ n * chaIne A d« 
renouvele pendant 20 heures a raison de 500 ml/h. .On ^Wientains. 13 ml d w« ygjj^ ^ prod uit 
ricine a 7 mg/ml, n presentant plus de fl~upements Jtol *^* r * r * acW 

65 ainsi obtenu est designe urterieurement sous I'appellation chalne A (NEM). 
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2) Modification des tyrosines 

A 18 mg de chaTne A (NEM) dans 10 ml de tampon phosphate 125 mM pH 7 (s it 0,6 micromoles) sont 
ajoutes goutte a goutte 300 microlftres de ta solution de teactif de couplage dans le THF obtenue 
5 precedemment Le mill u reactionnel est agite 15 mln. k 25 °C puis la solution est puriftee de I'excfcs de 
reactff par dialyse contre du tampon phosphate 125 mM pH 7. On obtient alnsi 9,5 ml d*une solution de 
chains A (NEM) modiftee k 135 mg/ml de protelne. 

Par dosage spectrophotom6trique k 343 nm de (a pyridine thione-2 libitee par dchange avec le 
mercapto-2 ethanol, on constate que Con a obtenu une chafne A (NEM) modiflee portent 1 ,6 groupements 
70 acth/ateurs par mole de chafne A (NEM). 

rivpaiouwu iaiiuwwi)#9 niwwiiiv 

A 45 mg d'une solution d'anticorps T101 k 9 mg/ml, so it 0,3 micromoles, sont ajoutes 25 microlitres 
15 d'une solution d'anhydride S-ac*tyl mercapto succinique (SAMSA) k 170 mg/ml dans le dimethyiforma- 
mide. Le milieu reactionnel est agite pendant 2 heures k 4 °C puis ptirtf!6 par dialyse des teactffs contre 
du tampon phosphate 125 mM pH 7 pendant 24 heures k un dibit de 400 ml/heure. On obtient alnsi 4,1 ml 
d'une solution d'anticorps modifie k 8,6 mg/ml. A cette solution d'anticorps sont ajoutes 0,46 ml d'une 
solution de chiorhydrate d'hydroxylamine 0,5 M. Aprte une incubation de 1 h k 30 °C, le milieu 
20 reactionnel est purffi* par dialyse des teactlfs contre le tampon phosphate 125 mM pH7. 

Par dosage spectrophotom&rlque des groupements — SH alnsi lib^rts par ta methods d'ELLMAN, on 
constate que Ton a obtenu un antlcorps portant 5 groupements actlvateurs par mole d'anticorps. 

D) Pteparation de I'lmmunotoxine 

25 

A 2,1 mi de la solution d'anticorps ptecWemment obtenue (sort 0,11 micromole), on ajoute 5,2 ml de 
la solution de chafne A modiftee (0,27 micromoles). On lalsse le m&lange incuber 5 heures k 30 °C. 

Le milieu reactionnel est pu rifle sur colonne de Sephadex G100 avec mesure de la densite optique de 
1' effluent k 280 nm. On obtient 17 ml d'une solution d'immunotoxine k 1,1 mg/ml (soft 18.7 mg). Cette 
30 solution contient 0,32 mg/ml en chafne A (NEM) modifiee. Le taux de couplage moyen de cette 
preparation est de 2 chalnes A (NEM) par mole d'anticorps. 

On obtient ainsi une Immunotoxine de formuleV ci-dessus, ou : 

A' est le radical de la sous-unite A de la ricine dont les groupes SH sont bloques par le N- 
$thylmal6imide 
35 P est le radical de Panticorps T101 
W est un groupement de formula 

— {NH— Y— E^n—S—S—E— Y— Z— 

. . dans iaquelle 
40 Yest-CO-- 
Eest-^H— 

(CHa-COOH) 
E est — CHr-CHr- 
45 Y est — CO— 
Z est— O— 
n est 1. 

E) Test d'acthrttt des immunotoxines 

so 

La propria biologlque fondamentale de la chaTne A de ricine est d'lnhiber la synthase proteique 
dans les cellules eucaryotes par alteration de la sous-unite rlbosomale 60S. 
Les tests teallste sont done des tests d'lnhibitlon de la synthase proteique : 
so it sur un modftfe aceilulaire (test no 1) 
55 sort sur un module cellulaire (test no 2) 

1) Le module aceilulaire (test no 1) 

Le protocole in vitro utilise des fractions subcellulalres de foie de rat convenablement "comptemen- 
60 tees et capables d'incorporer la 14C-ph6ny (alanine en presence d'un ARN messag r artificial : I'acide 
polyuridylique. 

Le mode opSratoire employe pour preparer les fractions subcellulaires et pour mesurer I'incorpora- 
tlon de 14C-ph6nylatanine est une adaptation de la methode dtertte dans Blochemfca Biophysica Acta 
312, 608-615 (1973), mettant n oeuvre k la fois une fraction microsomal et une fraction de cytosol des 
65 hepatocytes de rat L'6chantlllon contenant la chalne A est introdult sous la forme d'une solution 
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convenablem nt dilute dans un tampon Trls HC! 50 mM, pH 7,6 contenant du mercapto-2 ethanol k 0,2 % 
et de ta s6rum albumine bovine k 15 microgrammes/ml. A partir des donnees de comptage, on calcule par 
rapport k un milieu t6moin sans inhibiteur le pourcentage d'inhibition ^incorporation d 14C-phenylala- 
nin dans tes proteines pour chaqu milieu reactionn I contenant de la chain A de ricine. Lensemble de 
ces valeura permet de determiner la concentration de chalne A de ricine (ou CISC) qui inhibe 50 % 
d'incorporation de la 14C-ph6nylalanine dans les conditions de I'essaL 

2) Le module cellulaire (test no 2) 

Ce test mesure i'effet des substances 6tudi6es sur I'incorporation de 14C-leucine dans des cellules 

^^ U Suto°S5es dependent de ta specific^ de I'anticorps choisl pouMa fabrication de 
nmmunotoxlne. Dans cet exemple, II s'agtt de cellules de la Ilgn6e lymphoblastoide humaine CEM 
oortant naturellement I'antigine T65. 

Ces cellules sont incubtee en presence de preparations des substances k etudler puis soumises en 
fin dMncubation k una mesure de leur taux d'incorporation de 14C-leucine. 

<*tte mesure est effectude selon une technique adaptee de la technique ddcrtte dans Journal of 
Biological Chemistry 249 (11). 3557-3562 (1974) utilisant le tracteur 14C-ieucine pour teddterm nation du 
taux desynthtee proteique' La determination de la radioactivity incorpor6e est effectu6e id sur les 
20 cellules entires iso!6es par filtration. , ^ , 

Apwtir de ces determinations, on peut tracer les courbes effets/doses prtsentant en atecisse la 
concentration des substances *tudi*es et en ordonnee 1'incorporation de 14C-leucine exprim6e en 
Slrolrtege de rincorporatlon par des cellules t6moins en .'absence de la substance k etudier. On peirt 
ainsl determiner pour cheque substance etudiee la concentration qui Inhibe de 50 pour cent 
25 rincorporatlon de 14C-leucine dans les cellules ou - concentration inhlbrtrice 50 » (CI50). On a vertfie que 
la mesure d' Incorporation de la 14C-!euclne dans les cellules erttieres conduit k la determination de C150 
Identiques k celles obtenues par la methode classtque de mesure de la synthase proteique. 
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Resuitats / 

a) Test no1 (models aceilulaire) 

L'actfvte inhibitrice de la chalne A (NEM) modifi6e a ete d6tennin^La C150 est igaklkM -W^ 
mole/litre. La CI50 de la chalne A t6moln de I'exp6rlence est de 1,2 • 10~ 10 mole/l. II n y a done pas de 
35 perte d'activite significative de la chafne A modifies. 

b) Test no 2 (mod&le cellulaire) 

Dans les conditions experimental detinies cWessus, la C150 en presence d ' a <^®" r j^^|^ 
40 50 nM) est de U • 1<T* moie/l, ce qui reprtsente une actlvtte 5 r 10« fola superieure k celle de la chalne 
A (C150 « 6 • 10~* mole/1). 

Exemple 2 

45 PI - chalne A de ricine k retat natlf. inform AHiaim <\* 

P2 « antlcorps T101 sur lequel on a Introdult un groupement dlsutfure active par I Intermedial de 

I'hydroxyle des tyrosines. * 

A) Preparation du rtactlf de couplage : Wentlque k celle d6crlte k I'exemple 1 

B) Preparation de I'anticorps modlfie 

AioAma d'anticoros T101 dans 23 ml de tampon phosphate 1ffi mM pH 7. sont ajout6s goutte k 
g0 ^M2^6T\a^^ilHF dilute au i£ decrta iPrtoMmnM ^200 
ss d'lgG). La milieu reactlonnel est egtte 1/4 h a temperature amblante pu» purtfi* par dialyse. On obtient 
alnsi 2,6 ml d'une solution d'arfttcorps modlfie a 4« mg/mL a-*™ avec le 

Par dosage spectrophotometrique a 343 nm de la pyridine truone-2 ! I«*nie par -Manga avec le 
mercapto-2 ethanoTon cCnstate que I'on a obtenu un antlcorps portant 22 groupemerrts activateurs par 
mole d'antlcorps. 



SO 



60 



C) Preparation d I'immun toxine 



A 750 mlcrolltres d'une solution de chafne A de ricine a 7.1 mg/ml (soit 0.177 micromoles) sent 
aj ?5 m? d'unTsolutlon d'antlcorps active a 4.55 mg/ml (soit 0 075 rnlcrornoies <™££L°£ 
65 laisse le melange Incuber 18 ha 25 «C. Le milieu reactlonnel est purifie sur col nn d Sephadex G100 
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comm decrft k I'exemple 1. On obtlent 13 ml d'une solution d'immunotoxine k OS mg/ml (solt 10,4 mg). 
Cett solution contient 0,2 mg/ml de chafne A. Le taux de couplage moyen de cette preparation est de 1 ,5 
ohatne A par mole d'arrticorps. 

On obtient ainsl une immunotoxine de formula VI cl-dessus, ou ; 
5 A' est le radical de la sous-unite A de la ricine 

P est le radical de Panticorps 11 01 

W est un groupement de formule 



10 

dans laquelie 
r est — O— 
Y est —CO— 
E est — CH2-CH2— 
15 n est zero — m est 1,5 

D) Tests d'actfvite 

Test no 2 (mod&le ceiiulaire) 



20 



Dans des conditions experimental iderttiques k celles de rexemple 1, la CI50 en presence 
d'activateur (Monensine 50 nM) est de 3,5 * 10~ 13 mole/I ce qui reprfeente une activW cytotoxique 
1,5 • 10 5 fois superieure k ceile de la chalne A dans la mSme experience (CI50 « 0,6 * 1(r« mole/I). 

Revendfeatlons (pour les Etats contractants : BE, CH, DE, PR, QB, !T, U, LU, NL, SE) 
1. Imidazolides de formule : 
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N-CO-E-G 



dans laquelie : 

35 E represents un groupe — (CH2)p— ou p est un nombre entler de 2 k 7 ou un groupe 



T - 

CH2COOH 



40 



G est un groupement de structure — S— S— X, ou X est un radical actlvateur choisi parml les groupes 
2-pyridyle et 4-pyridyle non substitues ou substitute par un ou des hatogfcnes ou des radicaux alkyle 
contenant Jusqu'i 5 atomes de carbone, carboxyle, alcoxycarbonyle dont le groupe alcoxy contient 
jusqu'& 5 atomes de carbone ; le groupe pMnyte non substitue ou substitue par un ou des halogdnes ou 
45 des groupes nitro, alcoxy contenant Jusqu'fr 5 atomes de carbone, carboxyle ou alcoxycarbonyle dont le 
groupe alcoxy contient Jusqu'i 5 atomes de carbone, ou un groupe alcoxycarbonyle dont le groupe 
alcoxy contient jusqu'i 5 atomes de carbone. 

2. Utilisation des imidazolides selon la revendication 1 comme rtecttf de couplage des prolines. 



so 



55 



ReveiHficatlons (pour I'Etat contractant AT) 

1. Proc6d6 pour I'obtentlon d'imldazolides de formule : 



^-CO-E-G 



60 dans laquelie : 

E represents un groupe — (CH2)p— ou p est un nombre entier de 2 k 7 ou un groupe 
63 CH2COOH «t 
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G est un groupement de structure — S — S — X, ou X est un radical activateur choisi parmi les groupes 
2*pyrldyle et 4-pyridyle non substitute ou substitute par un ou des halog&nes ou des radicaux alkyle 
contenant Jusqu'& 5 atomes de carbons, carboxyle, alcoxycarbonyle dont le groupe alcoxy conttent 
jusqu'ft 5 atomes d carbons ; le groupe phenyls n n substitud ou substitu* par un ou des halogdnes ou 
5 des groupes nitro, alcoxy contenant jusqu'& 5 atomes de carbone, carboxyle ou alcoxycarbonyle dont I 
groupe alcoxy conttent jusqu'fe 5 atomes de carbone, ou un groupe alcoxycarbonyle dont le groupe 
alcoxy conttent jusqu'i 5 atomes de carbone, caract6ri$e en ce qu'll consists k fairs reagir un compose de 
formule : 

10 G— e-COOH (II) 
dans laquelle G et E sont tela que ddfinis ckJessus, avec le carbonyldiimidazote de formule : 
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dans un solvent organique, k la temperature de 10 i 40°C. 
20 Z Utilisation des Imidazolldes selon la revendlcatlon 1 comma rtactif de couplage de prolines. 



Claims (for the Contracting States : BE, CH, DE, FR, GB, FT, U, LU, NL, SE) 
25 1* Imidazolldes of the formula : 
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N-CO-E-G 
/ 



In which : 

E represents a group — (CH2)p— , In which p Is an integer from 2 to 7, or a group 



CH2COOH and 

40 G Is a group of the structure — S— 8— X, in which X is an activating radical chosen from pyridin-2-yl 
and pyridln-4-yl groups which are unsubstituted or substituted by one or more halogens or alkyl radicals 
containing up to 5 carbon atoms, carboxyt or alkoxycarbonyt radicals, of which the alkoxy group contains 
up to 5 carbon atoms ; the phenyl group which is unsubstituted or substituted by one or more halogens or 
nitro, alkoxy groups containing up to 5 carbon atoms, carboxyt or alkoxycarbonyt groups of which the 

45 alkoxy group contains up to 5 carbon atoms, or an alkoxycarbonyt group of which the alkoxy group 
contains up to 5 carbon atoms. 

2. Use of the Imidazolldes according to claim 1 as protein coupling reagent 

so Claims (for the Contracting State AT) 

1. A process for the preparation of imidazolldes of the formula : 



55 



N-CO-E-G 



in which : 

60 E represents a group — (CH2)p— , in which p Is an integ r from 2 to 7, or a group 



-CH 



65 



CH 2 C00H and 
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G is a group of the structure — S— S— X, in which X is an activating radical chosen from pyridin-2-yf 
and pyridin-4-yl groups which are unsubstituted or substituted by one or more halogens or aikyl radicals 
containing up to 5 carbon atoms, carboxyl or alkoxycarbonyl radicals, of which the alkoxy group contains 
up to 5 carbon atoms ; the phenyl group which is unsubstituted or substituted by one or more halog ns or 
5 nrtro, alkoxy groups containing up to 5 carbon atoms, carboxyl or alkoxycarbonyl groups of which the 
alkoxy group contains up to 5 carbon atoms, or an alkoxycarbonyl group of which the alkoxy group 
contains up to 5 carbon atoms, characterized in that It consists in reacting a compound of the formula : 

' G— E-COOH (II) 

in which Q and E are as defined above, with the carbonyldiimidazoie of the formula : 




in an organic solvent at the temperature of 10 to 40 °C. 
20 2. Use of the imidazolides according to claim 1 as a protein coupling reagent 

Patentansprtche (fQr die Vertragsstaaten : BE. CH, DE, FR, GB, rr, U, LU, NL, SE) 
25 1. imidazoiide der Forme! : 




30 

worin : 

E eine Gruppe — <CH2)p— , In der p eine ganze Zahl von 2 bis 7 1st, Oder eine Gruppe 
35 - CH - 

CH2COOH reprftsentiert und 

G eine Gruppe der Struktur — S— S— X 1st wo X efn Aktivator-Radlkal let. ausgewahlt aus den 
40 Gruppen 2-Pyrtdyl und 4-Pyridyl, nicht substftuiert Oder substltulert durch ein oder mehrere Halogene 
Oder Alkyl-Radikale, die bis 5 Kohlenstoffatome aufweteen, Karboxyk Alkoxykarbonyl-Radikale, deren 
Alkoxygruppe bis zu 5 Kohlenstoffatome aufweist ; die Phenytgruppe, nicht substrtuiert oder substitulert- 
durch ein oder mehrere Halogene oder Nitro-, Alkoxygruppen, die bis 5 Kohlenstoffatome aufweisen, 
Karboxyf- oder Alkoxykarbonylgruppen, deren Alkoxygruppe bis S Kohlenstoffatome aufweist, oder eine 
45 Alkoxykarbonylgruppe, deren Alkoxygruppe bis 5 Kohlenstoffatome aufweist 

2. Verwendung der Imidazoiide gemfiss Anspruch 1 ate Proteinkupplungsreagenz. 
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Pate ntans p r uch e (fQr den Vertragsstaat AT) 

1 . Verfahren zur Herstellung von Imidazoliden der Formel : 



N-C0-6-G 



worin : 

E eine Gruppe — <CH2)p— , In der p eine ganze Zahl von 2 bis 7 1st oder eine Gruppe 



60 

CH 2 C0OH reprdsentlert und 



G eine Gruppe der Struktur — 8—8— X ist wo X ein Aktivator-Radlkal 1st ausgewfthlt aus den 

14 
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15 



20 



Gruppen 2-Pyridyl und 4-Pyrldyt, nlcht substituted Oder substituted durch eln oder mehrere Halogene 
Oder AJkyl-Radikale, die bis 5 Kohlenstoffatome aufweisen, Karboxyh Aikoxykarbonyt-Radlkale, deren 
Alkoxygruppe bis zu 5 Kohlenstoffatome aufweist ; die Phenyigruppe, nicht substftuiert oder substftuiert 
durch ein od r mehrere Halogen© od r Nltro-, Alkoxygruppen, die bis 5 Kohl nstoffatom aufweisen, 
Karboxyt- oder Aikoxykarbonylgruppen, deren Alkoxygruppe bis 5 Kohlenstoffatome aufweist Oder in 
Alkoxykartoonylgruppe, deren Alkoxygruppe bis 5 Kohlenstoffatome aufweist dadurch gekennzeichnet, 
dass es darin besteht elne Verblndung der Forme! : 

G-E-COOH (») 

worin'G und E wie oben definiert sind, mit dem Karbonyldiimidazol der Formel : 

(III) 




in einer organischen Losung bei der Temperatur von 10 bis 40 °C reagieren zu lassen. 
2. Verwendung der Imidazoiide gemfiss Anspruch 1 als Proteinkupplungsreagenz. 
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© Biologically active drugs. e.g. catecholamine hormones, 
are coupled to carrier molecules, e»g. rnonodiaperse peptides 
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codynamic and/or potency properties of the drug is mod- 
ified. The drug ie coupled to the carrier via a spacer moiety 
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the drug, L the phermacophore, from degradation during 
the coupling process. The carrier preferably consists of a 



monodisperse peptide in which the sequence of amino add 
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DRUG-CARRIER CONJUGATES 
Description 

Field of The Invention 

This invention relates to the coupling of 
5 biologically active molecules or derivatives of such 
molecules with organic carriers to thereby modify the 
pharmacokinetic, pharmacodynamic and/or potency 
properties of the naturally occurring bio-active 
molecules i.e., drugs* The coupling preferably 
10 requires the presence of a suitable spacer moiety which 
links the naturally occurring drug, or a derivative, to 
the carrier; Thus the drug derivative is covalently 
bound to the carrier. The carrier may be any of a 
broad range of organic moieties which may either be 
15 themselves biologically active, but more usually are 
biologically acceptable in vivo . Peptides are 
especially suitable as carriers. 

Background of the Invention 

In the past there has been extensive work by 
20 a number of pharmaceutical and chemical investigators 
on techniques for chemically altering and/or modifying 
the bio-activities of naturally occurring bio-active 
molecules. These investigations have attempted to 
alter or modify such molecules in an effort to increase 
25 specific bio-activity, prolong bio-activity* reduce 

toxic effects, reduce or eliminate side effects, narrow 
the biological activity, or change biologic 
specificity. Very often chemical modification of bio- 
active molecules removed or greatly reduced bio- 
30 activity, but in some instances bio-activity has been 
enhanced, modified or changed in a useful way. In view 
of past successes there has been extensive 
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investigation into the chemical modification of bio- 
active molecules in an effort to usefully influence 
their activity. 

Numerous studies have been made on the 
covalent bonding of. bio-active molecules (drugs) to 
some type of physiologically acceptable carrier for 
the purpose of modifying bio-activity. Thus it is 
expected that the carrier may either affect the 
intensity of activity f shorten or prolong the 
activity, redirect the activity, and/or reduce side 
effects, etc. of the drug. On the other hand, a 
carrier coupled as an integral part of the bio-active 
molecule introduces a large number of additional 
variables which may affect the activity and 
acceptability of the modified drug in an in vivo 
environment. The carrier could block the biological 
activity, i.e., interfere with the pharmacophore's 
ability to bind to its normal receptors; or it may 
itself exhibit bio-activity antagonistic to that of 
the pharmacophore; or the carrier may prove to be 
antigenic and invoke a response from the host immune 
system, etc. Therefore the selection and preparation 
of a useful and acceptable drug-carrier system 
potentially presents a number of problems. 
Nonetheless, the potential advantages to be gained 
utilizing, such drug modification techniques has led 
to continued investigations in this area. 

As used herein the term "drug" shall mean . 
any molecular entity, e.g. a hormone, which has 
specific biological activity. "Pharmacophore" shall 
mean the bio-active or binding site portion of a drug 
molecule. The terra "congener" shall mean a drug that 
has had its molecular structure chemically modified 
to form a functionalized derivative! The term 
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"carrier" shall mean a physiologically acceptable 
molecular structure, e.g. a peptide, that is used to 
covalently bind to a drug in its congener form. The 
term "spacer" means a bridging chemical grouping that 
modifies the drug structure to remove the 
pharmacophore from close proximity of the carrier. 
The spacer has a functional group added at the end 
thereof to facilitate attachment of the drug to the 
carrier. The drug plus attached spacer and 
associated functional group comprise a "congener". 
The drug is linked through the spacer and the 
associated functional group to the carrier to form a 
"conjugate". Other terms will be defined where 
necessary as they occur in the following 
description. 

A number of prior investigators have shown 
that it is possible to alter pharmacological 
properties of certain biologically active molecules 
through covalent attachment to carriers without 
losing their ability to bind at a receptor and to 
stimulate biological activity. Donaruma et al. in 
the monograph "Polymeric Drugs" Academic Press, New 
York 1978 and Gregoriadis in "Drug Carriers in 
Biology and Medicine" Academic Press London, 1979, 
as well as the articles by Ringsdorf in the Journal 
of Polymer Science Symposium No. 51, 135-153 (1975); 
and Donaruma in Progress in Polymer Science 4, 1-25 
(1975); and Batz in Advances in Polymer Science 23, 
25-53 (1977) review a number of examples of drugs 
which have been bound covalently to soluble or 
insoluble polymers which may be either natural or 
synthetic. For example, Weiner and Zilkha noted in 
the Journal of Medicinal Chemistry 16, 573-574 
(1973) the attachment of a local anesthetic, 
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procaine, to polyethylene oxide. They found that 
the conjugate remained biologically active and had a 
prolonged duration of action.. Godeau et al. in The 
Proceedings of the National Academy of Sciences, 
USA, 75, 2353-2357 (1978) reported linking a 
progesterone anaxog tu yvxjfcunjf xcnc wa^.wi^« 
conjugate retained activity to induce maturation in 
certain oocytes sites. Ringsdorf et al. in Die 
Makromoleculare Chemie, 177' 741-746 (1976) observed 
anti-viral activity in polymethacrylate derivatives 
of 1-adamantaneamine. 

The group of sympathomimetic hormones 
which are known as catecholamines because of their 
chemical structures form a class of bio-active 
compounds which are suitable drugs for attachment to 
carrier moieties. The receptors for catecholamines • 
ate located on the outer surface of cell membranes 
and the observed biological effect of the attachment 
of such hormones to carriers need not be dependent 
upon, or complicated by, complex membrane transport 
phenomena or phagocytosis of a conjugate molecule. 
It is possible for covalent conjugates of the 
catecholamines to reach the catecholamine receptor 

sites intact. 

On the other hand, the catecholamines 
themselves have several clinical limitations such 
as, rapid systemic depletion, problems arising from 
lack of tissue specificity, and decrease in 
responsiveness to the drug, which also enhance their 
candidacy for attachment to carrier moieties. It is 
to be expected that carrier-attached catecholamines 
might be degraded less readily by enzymes j and that 
the carrier might also impart greater specificity to 
the drug action. 
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Other drugs which have related structures 



and suffer from similar limitations to those 
outlined above are also suitable candidates for 
covalent attachment to carriers • These drugs 

5 include other sympathomimetic drugs such as 

dopamine, phenylephrine, the amphetamines, ephedrine 
and related drugs? and also the so-called autacoids, 
which include histamine, 5-hydroxytryptamine 
(serotonin), the prostaglandins and related 
10 compounds. For the purpose of the discussion that 
follows, it should be understood that where 
reference is made to "the drug" or "the 
catecholamine", these other related drugs are meant 
to be included* 

15 The chemical structure of the principal 

catecholamine hormones are as follows: 



20 where R may be -H (norepinephrine); -CH 3 
(epinephrine); -CH(CH 3 ) 2 (isoproterenol). 

There are a number of compounds closely 
related to the catecholamines which also exhibit 



25 (glands, smooth muscle, lungs). Such related 
compounds include the resorcinolamines: 



OH 




physiological effects, principally as p 2 agonists 



OH 




OH 
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wher R may be -CH(CH 3 ) 2 (metaproterenol) ; 
-CH(CH 3 )-CH 2 -^^OH (fenoterol); 

-C(CH 3 ) 3 (terbut aline); and the saligenin derivative: 



HOCH 1 



OH 



l 2 ^ CH-CH,-NH-C(CH,), 

,0 



HO^^ salbutaraol; and 

the compound/ 

OH 

cl CH-CH 2 -NH-C(CH 3 ) 3 



Cl clenbuterol. 

For convenience, when catecholamines are 
hereafter mentioned, all such related compounds are 
also meant to be included. 

Other sympathomimetic drugs includes 



HO^>^CH 2 -CH 2 -NH 2 
HO^^ 



ho w/nv ch-ch 2 -nh-ch 3 



dopamine^ 



phenylephrine? 




?3 
CH 2 -CH-NH 2 



the amphetamines , 
where R may be H 
(amphetamine) or OH 
(hydroxy amphetamine) ; 
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OH CH, 
I I 3 
CH-CH-NH. 



phenylpropanolamine; 
and 




OH CH, 
CH-CH-NH-CH, 



ephedrine. 



are: 



The .structures of the important autacoids 



10 



HN ji 



histamine; 



N ' 'CH 2 -CH 2 -NH 2 



CH 2 -CH 2 *NH 2 



H 



5-hyd roxy tryp tami ne 
(serotonin); and 



15 




prostaglandin E 2 « 



Norepinephrine is a primary 
phene thy 1 amine, while .epinephrine is its N-methyl 
derivative. Isoproterenol is the synthetic N- 
20 isopropyl analog of epinephrine with selective 
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p-adrenergic activity. In all instances the phenyl 
ring contains hydroxyl groups in an ortho 
orientation (catechol). The basic catecholamine 
hormones are associated with the contraction of 
smooth muscle tissue (alpha-adrenergic response); 
and the relaxation of smooth muscle tissue (beta- 
adrenergic response). The catecholamines also 
stimulate the sympathetic nervous system and are 
clinically useful drugs for the modulation of 
endocrine-cardiovascular and renal functions. Some 
of the catecholamine hormones e.g. isoproterenol act 
as bronchodilators, as heart stimulants, etc. 

Other related sympathomimetic drugs have a 
variety of effects which include actions on 
peripheral and cardiovascular^- and ^-adrenergic 
receptors, metabolic effects and effects on the 
central nervous system. The autacoids also have a 
similarly broad range of effects. Histamine, for 
example, both stimulates the contraction of smooth 
muscle, such as those of the bronchi and gut and 
also relaxes others, such as those of fine blood 
vessels, as well as stimulating the production of 
gastric acid and eliciting various other exocrine 
secretions. 5-Hydroxytryptamine (serotonin) is 
responsible for a wide variety of effects in the 
cardiovascular, respiratory and gastrointestinal 
systems. The prostaglandins have even more diverse 
actions which include vasodilation, inhibition of 
platelet aggregation, contraction or relaxation of 
smooth muscle, central nervous system, endocrine and 
metabolic effects. 

Catecholamines are deactivated 
metabolically by several routes and, as a result, 
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have short durations of action in vivo . Catechol 
0-iaethyl transferase methylates the hydroxyl group 
at the three position and the product is inactive. 
Sulfonation of the same hydroxyl group also occurs 
5 in vivo, mainly in the intestines, accounting for 
inactivation after oral administration. 
Catecholamines are also labile to enzymatic and non- 
enzymatic oxidation producing adrenochromes and 
other inactive species. 

10 Like the catecholamines, other 

sympathomimetic drugs and autacoids also undergo 
similarly complex metabolic deactivation processes 
in vivo which severely limit their clinical 
usefulness as drugs. 

15 Because of the above-noted in vivo 

limitations, catecholamine hormones and the other 
related drugs noted above are prime candidates for 
modification through covalent bonding to carrier 
moieties'. 

20 Catecholamine hormones have been 

immobilized on porous glass beads (see Kaplan et 
al., Proceedings of the National Academy of Sciences 
USA 69 , 1141-1145 (1972); Proceedings of the 
National Academy of Sciences USA 22* 1214-1217 

25 (1973); Proceedings of the National Academy of 
Sciences USA 72 f 824-828 (1975); Methods in 
Enzymology 3JL' 180-186 Academic Press (1974)). The 
hormones were bound via diazotization onto arylamine 
glass. The glass bound drugs demonstrated dramatic 

30 ability to increase heart rate in anesthetized dogs 
and in chick embryos and to stimulate cyclic AMP 
production in cultured glial tumor cells. These 
immobilized catecholamines also had a positive 
inotropic effect on isometrically-contracting cat 
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papillary muscles. Linkage to the glass beads 
occurred via an arylazo group attached to the 
hormone ring structure. Although the observed bio- 
activity was attributed to the covalently bound 
5 hormone-glass species there have been observations 
that, in fact/ there was some decoupling of hormone 
from the porous giass. me ucwu^icu uwi..»w..^ 
therefore be available to produce the observed 
biological effects. 
IQ Several investigators (see Melmon et al. r 

Journal of Clinical Investigation 53 , 22-30 (1974)? 
Shear et al. Journal of Biological Chemistry 251, 
7572-7576 (1976); P.oon et al., Molecular 
Pharmacology, 1977) immobilized catecholamines and 
15 other autacoids onto Sepharose through amino groups 
and via a random co-polypeptide system and proteins 
as affinity attractants for lymphocytes having 
receptors. Cells which were responsive to the 
hormones were bound to the support and could be 
20 displaced by competitive antagonists or by high 
concentrations of hormones. 

Pitha et al. in Proceedings of the 
National Academy of Sciences USA 77_, 2219-2223 
(1980); Verlander et al. in Proceedings in the 
25 National Academy of Sciences USA 73, 1009-1012 

(1976) » Venter et al. in Polymeric Delivery Systems, 
Midland Macromolecular Symposium No. 5, 237-250 
(1978); Goodman et al. in Journal of Macromolecular 
Science - Chemistry, A13, 529-543 (1979); Hu et al. 
30 in Molecular Pharmacology 14' 237-245 (1977); Melmon 
et al. in Molecular Pharmacology 12, 701-710 (1976); 
and Weinstein et al. in Journal of Clinical 
investigation 52, 1349-1361 (1973) reported soluble 
conjugates of beta agonists and antagonists and 



-11t 



0094844 



autacoids. In the work of Verlander, Goodman and 
their co-workers isoproterenol was bound to a random 
copolypeptide by the same chemical means utilized in 
the porous glass binding. Random copolymers 
5 containing hydroxypropylglutamine and p- 

aminophenylalanine were diazotized and coupled with 
isoproterenol. The hormone was bonded to the 
peptide via an azo group. The azo group was coupled 
to the hormone at the six carbon position on the 
10 catechol ring structure. Such coupled hormone-azo- 
peptide structures exhibited substantial biological 
activity and prolonged biological effect. 

Melmon et al. in Molecular Pharmacology 
12 , 701-710 (1976) and in the Journal of Clinical 
15 Investigation 52, 1349-1361 (1973) reported 

catecholamine conjugates wherein catecholamines and 
autacoids were coupled to albumin or to a random 
copolymer of alanine and tyrosine. Norepinephrine 
was coupled to primary amines of the carriers by 
20 condensation with a bifunctional reagent, 

glutaraldehyde. The resulting diimine was reduced 
with sodium borohydride to the disubstituted 
diamine. Coupling by such means, however, does not 
yield a single product. Two drugs of the same type 
25 may be linked to one another, or two carriers may be 
joined together. Thus the desired conjugate yields 
in such coupling reactions can be very low. It is 
not possible to predict the structure of the 
resulting conjugates. 
30 All such prior reported catecholamine 

conjugates suffered from low yields of products 
whereby the techniques are of no economic importance 
or the reaction products yield a "gemisch" of 
products which may or may not be conjugates; and if 
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conjugates the chemical structure thereof is 
unpredictable and/or very difficult to determine. 
Thus it is desirable to develop techniques for 
producing conjugates in good yield? with predictable 
and specific chemical structures; and yet retain 
and/or exhibit at least one or more of the desired 
biological activities of the drug component. 

Brief Description of the Invention 

The present invention deals with drug- 
carrier conjugates, specifically conjugates of the 
bioactive catecholamine hormones , related 
sympathomimetic drugs and autacoids that have been 
attached to carrier moieties that have been 
chemically precisely defined. The use of such 
precisely defined carriers and the particular 
methods for producing the conjugates therefrom 
results in conjugates whose^ chemistry is fully 
defined, thus facilitating the interpretation of 
their biological activity. The conjugates of the 
present invention, which are derived from precisely 
defined carriers, permit more efficient methods for 
purification and detection of impurities. 

More specifically, the present invention 
contemplates the preparation of conjugates linking a 
functional ized drug (congener), e.g., a 
catecholamine hormone derivative, to a carrier 
molecule, e.g., a peptide, by covalent bonds. A 
functional spacer is utilized for covalent linkage 
to the drug and to the carrier, yet it does not 
interfere with the pharmacological properties of the 
drug. It also provides a chemically stable linkage 
with the carrier; and facilitates good yields of the 
conjugate. 
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The conjugates of the invention may be 
most easily conceptualized from the following: 




Y ^ C ^ C Y 

PEPTIDE f X [- (NH-CH-CO ) -NH-CH-CO- (NH-CH-CO ) . - 1 X ' 
J a | Dm 

CARRIER i' Y' 



CONGENER 




Drug 



COUPLING REACTION 



Y * ' Y 

I » 

CONJUGATE < X [ - ( NH-CH-CO ) -NH-CH-CO- ( NH-CH-CO ) yj~ ] X * 

3 I d m 

Y 1 
I 

Z 
t 

* s 

^ DRUG 



where: 



10 



15 



20 



S is a schematic representation of 

the spacer group attached to the 
drug; and 

F is a schematic representation of the 
functional group attached to the 
spacer , where Drug-S-F comprise the 
congener; 

F 1 is a schematic representation of a 
functional group attached to the 
carrier side chain, Y 1 , of the amino 
acid residue to which the congener 
is bound .and wherein the functional 
group F* is reactive with functional 
group F; 
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2 is a schematic representation of the 

reacted groups F and F' whereby the 
congener is bound to the carrier, 
A/B are oligopeptide blocks wherein the 
5 amino acid residues are the same, 

or different with predesigned 
sequences. 
C is an amino acid residue to which 
the congener is bound. 
10 x is an amine blocking group, or -H 

X* is a carb9xyl blocking group, or -H 
Y is a general amino acid residue 

side chain 
Y 1 is a side chain on the amino 
15 acid residue to which the 

congener is bound 
a=b; a#>; a or b can be 0, or an integer, 

conveniently a low integer (eg 1,2,3 or 4) 
and m s 1,2,3, etc. 
20 As will be apparent from the general 

structure above, the drug is bound via a spacer and 
reacted functional group moiety, Z, to the C airiino 
acid residue side chain Y 1 of the carrier peptide A- 
C-B. The carrier consists of a monodisperse peptide 
25 wherein blocks A and B may be homo-oligopeptide 
blocks, i.e., wherein the amino acid residues are 
identical, or alternately, several different amino 
acid residues in a predetermined sequence. A 
particular amino acid residue, C, is positioned at a 
30 predetermined position in the peptide chain. Amino 
acid residue, C, which consists of a single amino 
acid residue, is selected to be reactive with the 
particular congener to be attached to the carrier. 

It should also be understood that the 
35 peptide carrier blocks A,B and C may be linked with 
homologous blocks A,B and C to form carrier peptides 



0094844 

-15- 



of increasingly greater molecular weights, e.g. , [A- 
C-Bl IA-C-B] n , where m=l,2,3, etc. and n=0,l,2,3, 
etc. and where the sequence of blocks A,B, and C in 
the peptide chain may be of any desired order. It 
5 should also be understood that peptide blocks A-C-B 
may be linked to a defined peptide sequence D, such 
as a naturally-occurring peptide or protein. Thus 
any desired molecular weight or sequence of 
monodisperse peptides may be utilized as the carrier 
10 moiety of the conjugate. 

It should also be understood that the 
carrier may consist of but a single blocked amino 
acid residue, C, alone. Selection of the number of 
amino acid residues and their identity will be 
15 discussed hereinafter. Generally speaking, however, 
carrier moieties having molecular weights in the 
range of 2X10 2 to 10 4 daltons seem to be most suited 
for maintaining the rapid onset of biological 
activity in vivo . Nonetheless carrier molecular 
20 weights of 10 5 daltons or greater are also 

contemplated for use in the conjugates of this 
invention. 

Naturally-occurring monodisperse peptides 
are also contemplated for use as carriers for drugs 
25 in the manner already described for synthetic, 

monodisperse carriers. Thus, peptide hormones and 
proteins are useful in this context since they 
naturally contain functional groups (e.g. amine or 
carboxyl groups) provided by the side chains of 
30 their constituent amino acids. Antibodies, 

especially monoclonal antibodies, are particularly 
useful as carriers for drugs since, because of their 
specificity for particular cells, they can be used 
to target the drugs and thereby optimize the 
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activity of the drug while minimizing or eliminating 
side effects. 

The spacer moiety may include an alkyl, 
aryl, aryl-alkyl, alkenyl, polyenyl group, so long 
5 as said group does not interfere with the coupling 
of the congener to the carrier. It is advantageous 
that the spacer group incorporate a branched chain 
immediately adjacent to the amine group of the drug 
in the case of the catecholamines, since this is 
lOknown to be important for enhancing ^-adrenergic 
activity. The spacer moiety must be capable of 
covalently bonding to the terminal end of the amine 
side chain of the drug; while also being capable of 
covalently bonding to the reactive group of the 
15 carrier molecule. 

Certain drugs such as the prostaglandins 
can be considered to already possess a spacer group 
and a functional group in their naturally-occurring 
form, and therefore an additional spacer group may 
20 not be required for attachment to carriers. 

The spacer moiety attached to the drug may 
be any group as noted above. The initial end of the 
spacer moiety roust be capable of covalently bonding 
to the terminal end of the amine side chain of the 
25 drug; while its terminal end must be bonded to a 
functional group, which group must/ in turn, be 
capable of covalent bonding to side chain Y , of the 
carrier amino acid residue, C. The functional group 
terminal end is chosen to be complementary to the 
30 functional group terminating side chain, Y 1 of the 
carrier amino acid residue, C. Thus if residue C 
side chain contains an amine functional grouping, 
e.g. lysine or p-aminophenylalanine, the terminal 
functional grouping of the attached functional group 
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may be a carboxyl, a sulfonic acid, etc. 

The number of drug congeners per conjugate 
molecule may be one, or any number greater than one. 
Wherever an amino acid residue/ C, is placed within 
the carrier structure a drug congener may attached 
thereto* The greater the number of the C amino acid 
residues present in the. carrier the greater the 
number of drug congeners that may be attached. The 
spacing between the drug congeners on any conjugate 
molecule may also be controlled by the spacing of 
the C amino acid residues on the carrier blocks. 
Thus the size and sequence of the oligopeptide 
blocks A and B (note the variables a and b in the 
general structure diagram above) will determine the 
spacings between the C peptide residues and thus the 
spacings between the attached drug congeners. 
Similarly, the sequence in which the oligopeptide 
blocks A,B and C are present in the carrier molecule 
will also determine the distances between attached 
drug congeners. 

Similarly, when naturally-occurring, 
monodisperse peptides are used as carriers, although 
the sites of attachment may remain constant, because 
of the defined sequence of the. peptide or protein, 
the number of drug molecules per carrier molecule 
may be controlled through the stoichiometry used 
during the coupling reaction. 

The amino acid residues in the synthetic 
peptide carrier molecule may be present either in 
the L-form or in the D-forra, or as a mixture of both 
forms. Incorporation of D-amino acid residues into 
the carrier increases proteolytic resistance of the 
conjugates ^in vivo . Increased proteolytic 
resistance should also affect the duration of the 
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effect of the attached drug. 

Generally, the conjugates of the invention 
are synthesized by one of two routes.- The first 
method involves the preparation of appropriate 
congeners wherein the extended amino side chain of 
the drug has a suitable spacer moiety terminated in 
a functional group added to the amino end of the 
drug. The functionalized drug i.e., the congener, 
is then, in turn, coupled to the side chain Y f of 
the C amino acid residue in the carrier peptide. 
The second method of synthesis involves the initial 
modification of the carrier peptide by coupling the 
spacer-functional group moiety directly to the side 
chain, Y 1 , of the C amino acid residue. The 
resulting peptide-f unctional group-spacer is then 
coupled directly to the catecholamine, for example, 
by a reductive amination reaction to produce the 
peptide-drug conjugate. 

It is therefore an. object of the invention 
to provide biologically active drug conjugates. 

It is another object of the invention to 
provide drug conjugates that have precisely defined 
structures. 

It is yet another object of the invention 
to provide catecholamine-peptide conjugates. 

It is still another object of the 
invention to provide chemically efficient methods 
for producing drug conjugates. 

It is still another object of the 
invention to provide functionalized catecholamine 
congeners which may be covalently bound to 
monodisperse peptide carriers. 

Other objects and advantages of the 
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invention v/ill be apparent from the description 
herein as well as the claims pending hereto. 

Detailed Disclosure of the Invention 

The conjugates of the invention comprise 
catecholamines linked to roonodisperse peptide 
carriers through an intermediate spacer-functional 
group moiety a The catecholamine drug may be 
derived from any one of a number of bio-active 
catecholamines, or related adrenergic compounds such 
as those compounds noted above which contain 
suitable pharmacophores for use in the conjugate 
structures. It is of considerable importance- that 
the bio-active site (pharmacophore) be stable under 
the conditions imposed during conjugate synthesis; 
and that the bio-active site be remote from the 
point of attachment to the spacer moiety and 
carrier. Previous studies have indicated that, in 
the case of the catecholamines, the bio-active site 
is closely associated with the catechol end of the 
molecule. Therefore, it is important that drugs be 
attached to the carrier at as remote a position as 
possible from this grouping, I.e./ at the alkyl 
amine end of the catecholamine side chain. 

It has been determined that the biological 
activity of the pharmacophore portion of the drug 
may be preserved if a spacer moiety is interposed 
between the drug and the carrier to which the drug 
is attached. Such a spacer comprises a chain 
structure, e.g. an alkyl grouping or branched alkyl 
group having from two up to five or more carbon 
atoms in the chain, i.e., a chain of methylene 
groups -CHCH 2 CH 2 -etc. (R»H or CH 3 or higher alkyl). 
The spacer grouping also must be terminated by a 
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functional group which is capable of covalently 
linking with the side chain, Y 1 , of the preselected 
amino acid on the carrier peptide. The terminating 
functional group may be, for instance, a carboxylic 
acid or a sulfonic acid, etc. 

The drug and attached spacer comprise the 
congener molecule which is linked to the carrier 
peptide. 

The congeners may be prepared from the 
drug by reductive amination, for example with a 
methyl keto-acid. For example, if the drug is 
norepinephrine: 



2 H 
CH-C 



HO -"- C V NH 2 + CH 3 C-(CH 2 ) n -COOH 



HO 



tf H 2 /Pt0 

2hch 0 nh?h? 



HO --2— ^Vn 0000 



HO 



Similarly, the other drugs described above 
may be derivatized in an analogous manner. 

Some typical carboxyl-containing congeners 
prepared from norepinephrine by the above methods 
are set forth in Table 1 below: 
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Table 1. 



Synthesis of Carboxylic Acid Congeners of Isoproterenol 




Compound 


n= 


%yield b 


M.W. 


A 


2 


51 


269.30 


B 


2 a 


79 


269.30 


C 


3 


50 


283.33 


D 


4 


65 


297.36 


E 


5 


c 


311.38 



a prepared from D-norephinephrine; te0 D . ot product = 
23-7°. 

b prior to purification by HPLC. 
c nearly quantitative. 

A detailed description of the preparation 
of some catecholamine congeners and model amides is 
set forth in U.S. Patent Application Serial No. 
184,000 filed September 4, 1980 and entitled 
"Biologically Active Catecholamine Derivatives , 9 
which description is incorporated hereinto by 
reference. 

The Carrier 

For the purposes of the present invention, 
monodisperse peptides which may be synthetic or 
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naturally occurring are most useful as the carrier 
portion of the drug conjugate. It is important that 
the amino acid sequences in the peptide carrier be 
completely defined and carefully controlled. As 
noted above for purposes of illustration, the 
peptide carrier may be broken down into a series of 
monodisperse blocks A,C,B wherein each block is 
linked to the others in any desired sequence. Block 
C consists of a single amino acid residue which is 
utilized as the site to which the drug congener is 
covalently bonded. Peptide blocks A, B are linked 
to block C by customary peptide linkages. However, 
it should be noted that blocks A,B, arid C may be 
linked together in any desired sequence e.g., 
A-B-C, A-C-B, B-C-A, C-A-3, etc. The sequence of 
naturally-occurring peptides and proteins is, of 
course, completely predetermined. 

The drug linkage to the carrier occurs at 
the side chain on the amino acid unit (block C) 
which is incorporated into the carrier sequence for 
that purpose. The spacer group previously referred 
to links the drug and the carrier. The type of 
linkage to the peptide is selected on the basis of 
stability and potential effect on biological 
activity. 

In the case of naturally-occurring 
peptides and proteins, linkage of the drug to the 
carrier must take advantage of functional groups 
provided by the side chains of the amino acids of 
the natural sequence. For example, carboxyl- 
containing congeners (TabLe 1) may be attached to 
the side chains of lysine or ornithine or to the 
amine terminal amine of the peptide chain. 

The other amino acids in the carrier are 
chosen to impart a particular set of physical and 
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chemical properties to the resultant conjugate and 
thereby modify the drug's pharmacological 
properties* Each carrier molecule may have one or 
more congeners attached thereto. The number of drug 
molecules per carrier molecule may also affect the 
biological activity of the conjugate. 

Peptide blocks A and B may be mo nod is perse 
homo-oligopeptide blocks or may be composed of 
several different amino acids depending upon the 
required overall properties of the carrier. For 
example f hydrophilic character can be imparted 
through the incorporation of glutamine, citrulline 
or hydroxyl-containing amino acids, e.g. f-hydroxy- 
06-arainovaleric acid. On the other hand, hydrophobic 
properties are imparted through the insertion 
of amino acids such as alanine, valine, leucine, 
phenylalanine, etc. Glutamic and aspartic acids, 
lysine, ornithine etc. may be used to provide 
negatively or positively charged or zwitterionic 
carriers. The choice of the amino acid used at the 
drug binding site (block C) depends on the drug 
congener attached to the carrier. 

In order to carefully control and fully 
define the amino acid sequence in the synthetic 
carrier peptides, the carrier molecule is built up 
by assembling amino acids in the desired sequence. 
Such peptide synthesis techniques are well known and 
extensively practiced. Specific examples of carrier 
synthesis are set forth in a number of the examples 
below. 

During peptide synthesis a wide variety of 
amine and carboxyl blocking groups, X, X' may be 
employed. X may be a carbonyl or oxycarbonyl 
containing group bonded to the N-terminal amino acid 
residue through an amide or urethane respectively. 
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X' nay be bonded to the C terminal residue through 
an amide, for instance, 3-hydroxypropylamide or 
N-methylamide, or through an ester linkage, for 
instance, a methyl, ethyl or higher alkyl ester. 

The carrier may range in size from a 
single, blocked amino acid residue to much larger 
peptide derivatives, me yepuxue u*ww«.o 
be used as the carrier or they may be linked in a 
specific manner to similar blocks. These well- 
defined specific amino acid peptide sequences are 
monodisperse sequence-controlled carrier molecules. 

Such monodisperse peptide carriers are of 
primary importance to the conjugates of the 
invention. Through the use of monodisperse peptide 
carriers, the number and spacing between - the drug 
molecules attached to the carrier can be carefully 
controlled. Chromatographic characterization and 
the chemical analysis of the conjugate molecule are 
also aided by raonodispersity. Monodispersity of the 
carrier molecule also aids in an analysis of the 
effect a change in various structures and parameters 
of the conjugate has upon drug activity. 

The Conjugates 

The structure and preparation of the 
conjugates may be understood by reference to a 
specific series of monodisperse conjugates wherein 
norepinephrine (the drug) is linked to monodisperse 
peptides (the carrier) to provide isoproterenol 
analogs. The synthesis of the conjugates is 
accomplished by any of several routes wherein (1) 
the drug molecule is first modified to produce a 
congener thereof. The modification of the drug to 
form the congener comprises linking the desired 
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spacer grouping to the drug. The spacer grouping is 
terminated by a functional grouping which is then 
linked to a suitable amino acid residue on the 
carrier molecule; or (2) the carrier molecule has 
the spacer grouping linked to a predetermined amino 
acid residue in the carrier peptide chain and the 
drug molecule is then reacted with the 
functionalized carrier to form the desired 
conjugate. The second route is generally preferred 
in the case of small synthetic carriers because of 
increased yields and a decreased chance of degrading 
the pharmacophore portion of the drug during 
conjugate formation. 

However, in the case of naturally- 
occurring peptide carriers, such as peptide hormones 
and proteins, the first route may be preferred 
because of the potential sensitivity of the carrier 
to degradation or decomposition (including 
denaturation) during the linking reaction of the 
drug to the prefunctionalized carrier in route (2). 

The second method involves first attaching 
a keto-acid to the carrier peptide. The 
functionalized peptide carrier is then linked to the 
drug by reductive amination. 

The synthesis may be illustrated 
schematically for the catecholamine series as: 
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0 PEPTIDE 
PBPTIDE + CH 3 C-(.CH 2 ) n -COOH > nh 0 

X , „ , A Coupling C0(CH, ) -C-CH, 

n » 1,2,3,4, etc. . 2 n 3 

Norepinephrine/ 
Reductive ami nation 
(NaCNBH, or H„/Pt0 o ) 

PEPTIDE 

» X 
NH CH 3 

CO- ( CH 2 ) n -CH-NH2"CH 2 -CH 

(CONJUGATE) li^^OH 

In a variation of this method, the keto-acid 
may first be bound to an N -protected amino acid, i.e., 
the amino acid of block C previously referred to above. 
The functionalized amino acid is then incorporated into 
the peptide blocks A and B, which are then reacted with 
the catecholamine as shown above. 

More specifically and for purposes of 
illustration, a simple conjugate i.e., 
norepinephrine linked to a single amino acid (block 
C) e.g., p-aminophenylalanine may be considered. In 
this illustration the alpha amine and carboxylic 
acid ends of p-aminophenylalanine are blocked by the 
acetyl and 3-hydroxypropylamide groups respectively. 
The 3-hydroxypropylamide group enhances water 
solubility of the resultant conjugate. 

In the actual procedure the amino acid p- 
nitrophenylalanine is first converted to the N- 
acetyl methyl ester derivative in two steps. One of 
two alternate methods may be used. In the first of 
these, esterification is carried out by the method 
disclosed by Guttman and Boissonnas in Helv. Chira. 
Acta. 41, 1852-1367 (1958) follow d by 
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pyridine-catalyzed acetylation. In the second 
method, the amino acid is first acetylated with 
acetic anhydride in cold, aqueous base without 
racemization by the procedure as set forth by 
5 Yoshida and Ishii in J. Biol. Chem. 71, 185-191 
(1972). The N-acetyl-p-nitrophenylalanine is then 
ester if ied by diazome thane. 

The N-acetyl methyl ester derivative, 
either in the L- or D- form is then converted to the 
10 3-hyd'roxypropylamide by arainolysis with an excess of 
3-araino-l-propanol. 

The methyl ketone functional grouping is 
attached to the acetyl amino acid hydroxypropylaroide 
derivative by catalytic reduction of the nitro group 
15 • followed by coupling to a keto-acid such as 6-oxo-n- 
heptanoic acid. The methyl ketone functional ized 
amino acid carrier molecule is then subjected to 
catalytic reductive amination with norepinephrine in 
the presence of acetic acid to yield the 
20 norepinephrine-amino acid conjugate. The resultant 
conjugate is purified by utilizing thin layer 
chromatography on silica gel in a polar solvent 
system. 

Similar techniques to those outlined 
25 above, may be utilized to prepare conjugates of the 
catecholamines with carrier moiecules having 
multiple amino acid residues forming the peptide. 
• Several of such preparations are set forth in the 
examples here inbe low. 

30 preparation of Peptide Carriers 

The following examples illustrate the 
various methods which may be used for producing 
monodisperse peptide carriers. 
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p-Nitro-L-Phenylalanine (JL) 

Using the procedure of Bergel and Stock as 
set forth in J. Chera. Soc, 2409-2417 (1954) 
L-phenylalanine (50 g) was treated with a mixture of 
concentrated sulfuric acid (150 ml), and fuming 
nitric acid (28 ml) to produce the nitro compound. 
Yield 26.9 g (43%) mp 23.2-234°C, i*ij 5 =+3.5° 
(c * 1.77, 1 N HC1). 

p-Nitro-L-Phenylalanine Methyl Ester Hydrochloride 
(2) 

In an adaptation of the method of Guttman 
and Boissonnas [Helv. Chem. Acta, 41, 1852-1867 
(1958)], thionyl chloride (distilled, 0.69 ml, 
9.5 ramol) was added dropwise to methanol (20 ml at 
-10°C). p-Nitro-L-phenylalanine (compound 1, 
1.00 g, 4.76 mmol) was added, and the solution was 
stirred 24 hours. After evaporating to dryness the 
residue was recrystallized from methanol/ether 
giving 1.00 g (81%) of a white solid melting at 
218-219°C? I*)* 5 = +11.5° (c = 0.9, HjO) . 

M ^Acetyl-p-Nitro-L-Phenylalanine Methyl Ester (3) 

Compound 2 (4.10 g,. 15.7 ramol) was 
suspended in a mixture of distilled pyridine (40 ml) 
and acetic anhydride (5 ml). A solution formed 
after several minutes, and stirring was continued 
overnight. The solvent was evaporated, and the 
residue was dissolved in ethyl acetate. The solution 
was then extracted with 0.1 N HC1, 1 M sodium 
bicarbonate, and water and dried (MgS0 4 ). 
Precipitation with hexanes gave 3.57 g (85.1%) of a 
solid melting at 113-117°C. Recrys tall izat ion from 
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ethyl acetate/hexanes gave 2.75 g, mp H8-120°C, 
= +15.1° (c =* 2.1, ethanol). 

N*- Acetyl-p-Nitro-L-Phenylalanyl-3- 
Hvdroxypropylamide (4) 

Compound 3 (0.33 g, 1.2 mmol) and 
3-amino-l-propanol (1.5 ml, 20 mmol) were dissolved 
in methanol (12 ml) and stirred for 12 hours under 
N 2 at room temperature. The solution was loaded 
onto a column (2x8 cm) of Dowex 50 X8 in the 
hydrogen form and eluted with methanol. Evaporation 
of the solvent left a light yellow solid which was 
recrystallized from ethyl acetate/hexanes. Yield 
0.29 g (75%) mp 206. 5-207°C, [*]£ 6 = +14.8 (c = 1.4, 
ethanol). Anal. calc. for C 14 H 19 N 3 0 5 (309.52): C, 
15 54.36? H, 6.19; N, 13.58. Pound: C, 54.44; H, 6.01; 
N, 13.55. 

N ^Acetyl-p-(6-Oxo-n-Heptanoylamino)*L-Phenylalanyl- 
3-HydroxYpropylamide (5.) 

Compound 4 (701 mg f 2.27 mmol) was 
20 dissolved in methanol and hydrogenated overnight in 
a Parr shaker at 50 psi. with 10% palladium on 
charcoal as catalyst. Reduction was complete by TLC 
(chloroform/methanol/acetic acid: 70/25/5). The 
catalyst was removed by filtration, and the solvent 

25 was evaporated under vacuum leaving a clear, glassy 
solid* The amine was dissolved in dime thy lformamide 
(30 ml). 6-Oxo-n-heptanoic acid (327 mg, 2.27 mmol) 
and dicyclohexylcarbodiimide (0.52 g, 1.1 equiv) 
were added, and the solution was stirred overnight 

30 at room temperature. After removal of 
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dicyclohexylurea by filtration, the solvent was 
evaporated in vacuo at 40°C. The residue was 
chroma tographed on a silica gel column (3x50 cm) 
eluting with a stepwise gradient of 5% to 10% 
methanol in chloroform. Yield 207 mg (23%) of a 
waxy, white solid melting at 142-147°C. The melting 
point was raisea to x3(-i37 v. iBui/awiiiianuH 
from methanol/ether. t*lj 3 - +8.2 (c-1.0, methanol). 
Anal. calc. for C 21 H 3] N 3 O 5 (405.50) : C, 62.20; 
H, 7.71; N , 10.36. Found: C, 61.92; H, 7.98; 
N, 10.09. 

p-Nitro-D- Phenylalanine (J5) 

D-Phenylalanine (12.0 g, 73 romol) and 
potassium nitrate (11 g, 109 mmol) were loaded into 
a teflon HF apparatus commonly used for the 
deprotection of peptides; The mixture was treated 
with liquid HF at approximately 0°C for one hour. 
After removal of the HF by vacuum, the residue was 
dissolved in water and treated with concentrated 
ammonia until pH 6. The precipitate was 
recrystallized from hot water. Yield 9.31 g (61%) 
of a nearly white solid, mp 236.5-237°C, 
let)* 5 = -8.63° (c - 1.7, 1 N HC1). 

rf* -Acetyl-p-Nitro-D-Phenvlalcmine (2) 

Compound 6 (6.20 g) was acetylated with 

acetic anhydride (9 ml) in aqueous sodium hydroxide 

at pH 9 and 4°C according to the procedure of 

Yoshida and Ishii [J. Biochem. , 71, 185-191 (1972)). 

Obtained 5.32 g (71.4%), mp 165-166°C, 

[eCl 25 = -46.2° (c = 2.8, ethanol). 
D 
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N*- Acetyl-p-Nitro-D-Phenylalanine Methyl Ester (8.) 

Compound 7 was dissolved in 
tetrahydrof uran (120 ml) and cooled in an ice bath. 
Diazomethane was generated by addition of 
N-nitrosomethylurea to an ice cold, equivolume 
mixture of ether and 40% aqueous potassium 
hydroxide. The diazomethane solution was added 
without purification to the stirred solution of the 
amino acid derivative. The reaction was complete 
when N 2 was no longer evolved upon addition of 
diazomethane. Excess diazomethane was consumed by 
the addition of acetic acid. The solution was 
extracted successively with saturated saline, 
1 M sodium bicarbonate, 0.1 M HC1, and again with 
saline and dried (MgS0 4 ). Evaporation left 3.56 g 
(88.4%) of a solid melting at 110-112°C which was 
pure by TLC (chloroform/methanol/acetic acid: 
85/10/5). [*4* 5 » -13.8 (c » 2.1, ethanol). 

N^ -Acetyl-p-Nitro-D-Phenylalanyl-S- 
Hydroxypropylamide (SO 

The procedure for compound 4 was used to 
form the D-isomer, 9, from compound 8 (1.55 g). 
Yield 1.32 g (70%), mp 202.5-204°, [<<] £ 6 - -13.8 (c - 
1.1, ethanol). Anal. calc. for C 14 H lg N 3 0 5 (309.32): 
C, 54.36; H, 6.19; N, 13.58. Found: C, 53.93; 
H, 6.09; N r 13.48. 
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N*- Acetyl-pW^ino-D-Phenylalanyl-3- 
Hydroxypropylamide (10) and N -Acetyl -p- ( 6-Qxo-n- 
Heptanoylamino)-D-Phenylalanyl-3-Hvdroxypropylaroide 

(11) 

Compound 9 (623 mg, 2*0 ircnol) was 

IiyULU^CUaUCU atlU vr v«»-w •* ** , -c-'-— — • 

by the procedure used to- prepare the L-isonter 5. 
Column chromatography provided 11 (63.9 mg, 7.8%,) 
by TLC with chloroforra/methanol/acetic acid 
(50/50/5), and unreacted compound 10 (255 mg, 45% 
recovered). Compound 11 had mp 137-138. 5°C and 
[otlJ6 _ -17.8° (c 1.0, ethanol). 

K^ -t-Butyloxycarbonyl-p-Nltro-L-Phenvlalanihe (12) 

p-Nitro-L-phenylalanine (1) 51.3 g, 
15 245 mmol> was stirred in ice cold sodium hydroxide 
(1 N, 245 ml). Dioxane (400 ml) and di-t-butyl- 
dicarbonate (Fluka, 60.0 g, 275 mmol) were added. 
After stirring overnight in the cold, the dioxane 
was evaporated in vacuo . The mixture was cooled, 
20 acidified to pH 2 with sodium bisulfate (1 N), and 
extracted with ethyl acetate (3X). The combined 
extracts were washed with water, dried (MgS0 4 ), and 
evaporated. Recrystallization from ethyl 
acetate/hexanes gave 60.7 g (80.2%) of compound 12 
25 mp 105-107°C, Kl* 6 = +25.4 (c - 1.1, 1 M sodium 
bicarbonate). 

N ^-t-Butyloxycarbonyl-p-Nitro-L-Phenvlalan vl-Glycine 
Benzvl Ester (13) 



30 



.The carboxylic acid component (12, 
10.0 g, 32.2 mmol) was dissolved in dry 
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tetrahydrofuran (100 ml) in a 250 ml round-bottom 
flask equipped with a drying tube, N-methyl- 
morpholine (3.54 ml. 1 equivalent) was added, 
and the solution was cooled to -15°C in a bath of 
dry ice/isopropanol. Isobutyl chloroformate 
(4.18 ml, 1 equivalent) was added slowly to the 
stirred solution. The flask was allowed to warm to 
room temperature to insure complete formation of the 
mixed anhydride. A solution of glycine benzyl ester 
p-toluenesulfonate (Bachem, 10.9 g, 32.2 mmol) in 
dry tetrahydrofuran (100 ml) was cooled to -15°C, 
and treated with one equivalent of N-methyl- 
raorpholine. The flask containing the mixed 
anhydride was again cooled to -15°/ and to it was 
added the glycine derivative. The mixture was 
allowed to reach room temperature and stirred for an 
hour or more. The solvent was then evaporated, and 
the residue was suspended in ethyl acetate. The 
mixture was then washed successively with HC1 (0.1 
N), saturated sodium bicarbonate, and water. After 
drying (MgS0 4 ) and filtering, the solution was 
evaporated to dryness. The solid residue was 
recrystallized from chlorof orm/hexanes . Yield 
12.14 g (82.4%), mp 115-118. 5°C, = -7.90° 

(c * 1.8, chloroform). Anal. calc. for C 23 H 27 N 3 0 7 
(457.45): C, 60.39; H, 5.95? N, 9.19. Found: 
C, 60.42; H, "6.07; N f 9.11. 

N*- Acetyl-p-Nitro-L-Phenvlalanyl-Glycine Benzyl- 
Ester (14) 

The dipeptide (13, 1.73 g, 3.78 mmol) was 
dissolved in dry methylene chloride (5 ml) in a 
25 ml round-bottom flask equipped with a drying tube. 
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The flask was cooled in an ice bath. Anhydrous 
trifluoroacetic acid (Aldrich, 5 ml) was added, and 
the solution was stirred at room temperature. After 
one hour the solvent was evaporated under reduced 
5 pressure leaving an oil. Successive addition of 
ether followed by either evaporation or decantation 
causea tne residue to swxxunji xu »ob «.i>gi* ^a\,cu 
under high vacuum to remove traces of 
trifluoroacetic acid. 
10 The trifluoroacetate salt was dissolved in 

a mixture of dry tetrahydrofuran (10 ml) and 
distilled pyridine (2 ml). The solution was 
ascertained not to be strongly or moderately acidic 
and then treated with acetic anhydride (0.50 ml, 
15 5.3 romol). Product precipitated while the reaction 
continued overnight. Dry ether was added to 
complete the precipitation. The product was 
collected by vacuum filtration and washed thoroughly 
with ether. Yield 1.36 g (90%) , • recrystallized from 
20 acetone to give mp 180.5-181°C, M D ■ -3.9 
(c = 1.1, dioxane) . 

N* -Ace ty 1-p-Amino-L-Phenvl al anvl-Gl yc ine Benzyl 
Ester (15) 

Compound 14 (267 mg, 0.67 mmol) was 
25 dissolved in methanol (50 ml). Platinum dioxide (3% 
of weight of peptide) was added, and the mixture was 
hydrogenated at atmospheric pressure. After 4 hours 
TLC (chloroforra/methanol/acetic acid: 85/10/5) 
showed a clean conversion to the amine. The 
30 catalyst was separated by decantation, and the 
solvent was removed under reduced pressure. 
Compound 15 was obtained in nearly quantitative 
yield as a glassy solid. 
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N^ -Acetyl-p- ( 6-Oxo-n-Heptanoylamino ) -L-Phenv lalanyl- 
Glycyl-Methylamide (16) 

Compound 15 (0.31 g, 0.63 mmol) was 
dissolved in a minimal amount of methanol (75 ml) by 
warming and the solution then cooled in an ice bath. 
Methyl amine gas (Matheson) was passed through a 
sodium hydroxide drying tube into the solution. 
When saturation by the gas was approached 
(considerable gain in volume) the flask was 
stoppered and stored overnight at room temperature. 
Evaporation left a clear oil, which was redissolved 
in methanol. A precipitate was formed through the 
addition of chloroform and dry ether. The product 
was collected on a fine glass filter. Residual 
methylamine as detected by TLC 

( chloroform/me thanol/acetic acid: 50/50/5) could not 
be removed in vacuo , but only by reprecipitation. 
Yield 180 mg (69%) , mp 201-203°C, [oC]£ 6 = +31.9° 
Anal. Calc. for C 21 H 3Q 0 5 .H 2 0: C, 57.78: H, 7.39; 
N, 12.84. Pound C, 57^55; H, 7.06; N, 12.91. 

N* -Acetyl-p- ( 6-Oxo-n-Heptanoylamiho)-L-Phenylalanyl- 
. Glycine Benzyl Ester (17) 

The mixed, anhydride coupling was performed 
as described for the synthesis of compound 13 with 
6-oxo-n-heptanoic acid (97 mg, 0.67 mmol) and the 
product from above, compound 15 (238 mg, 0.67 mmol). 
Each component was dissolved in 10 ml of dry 
tetrahydrofuran. Yield 111 mg (34%) f mp 177.5- 
180. 5°C, Mq 5 = +19.5 (c - 1.4, methanol). Anal, 
calc. for C 27 H 33 N 3°6 < 493 - 58 > : c ' 65.44; H, 6.71; 
N, 8.48. Found: C, 65.46? H, 6.74; N, 8.61. 
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N -t-Butyloxvcarbonyl-p-Nitro-L-Phenvlalanvl-Glvcvl- 
Methylamide (18) 

Compound 13 (7.73 g, 16.9 mmol) in 
methanol (350 ml) was treated with methylamine as 
described for the synthesis of compound 16. The 
solvent was evaporated from the reaction mixture 
leaving a yellow solid, which was recrystallized 
from chloroform/hexanes. Yield 6.04 g (94.0%), 
mp 182-184°C, [*l£ 5 = +6.0° (c = 1.0, methanol). 
Anal. calc. for C 17 H 24 N 4 0 6 (380.40): C, 53.86; 
H, 6.36; N, 14.73. Found: C, 53.73; H, 6.45'; 
N, 14.72. 

N -t-Butyloxycarbonyl-p-( 6-Oxo-n-Heptanoylamino)-L- 
Phenylalanyl-Glycyl-Methylamide (19) 

Compound 18 (5.28 g, 13.9 mmol) was 
dissolved in methanol (150 ml) and hydrogenated 
overnight at 1 - 3 Atm. using 10% palladium on 
charcoal catalyst (10% of weight of peptide). The 
catalyst was removed by filtration through Celite. 
The solvent was evaporated leaving a glassy solid, 
which was used without further purification* 

6-Oxo-n-heptanoic acid (2.00 g# 13.9 mmol) 
was coupled by the mixed anhydride procedure as 
described for compound 13, Yield 5.87 g (89%) of a 
clear glass, which was- homogeneous by TLC 
(chlorof orm/methanol/acetic acid: (85/10/5). 
[*)£ 6 = +23.8° (c * 1.2, methanol). 
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N -t-Butyloxycafbonyl-r-Benzyl-L-Glutamyl-p- ( 6-Oxo-n 

Heptanoylamino)-L-Phenylalanyl-Glycyl-Methylamide 

(20) 

Compound 19 (570 rag, 1.2 mmol) was 
deprotected as described for the synthesis of 
compound 14. The amine trifluoroacetate salt- was 
dissolved in dry tetrahydrofuran (11 ml) and 
neutralized with N-methylmorpholine. Then 
N -t-butyloxycarbonyl-Jf-benzyl-L-glutamic acid 
(Bach em, 408 mg, 1.2 mmol) and 
dicyclohexylcarbodiimide (0.3 g, 1.5 mmol) were 
added. After stirring overnight the mixture was 
filtered and the solvent was evaporated. The 
residue was redissolved in chloroform and washed 
with 0.1 N HC1, satd. sodium bicarbonate, and satd. 
sodium chloride. The organic phase was dried over 
magnesium sulfate, filtered, and evaporated. The 
residue was recrystallized from chloroforro/hexanes. 
Yield 538 mg (66%), mp 114.5-118°C, 
[pc] J 6 m -17.8 (c « 1.1, methanol). Anal. calc. for 
C 36 B 49 N 5 0 9 .1/2H 2 0: C, 61.35; H, 7.15; N, 9.94. 
Found: C, 61.53; H, 6.95; N, 9 .97. . 

N*-Acety 1-1<-Benzy 1-L-Glutamyl-p- ( 6-Oxo-n- 
Heptanoylamino)"L-Phenylalanyl-Glycyl-Methylamide 

(21) 

Compound 20 (444 mg, 0.638 mmol) was 
deprotected with trif luoroacetic acid in methylene 
chloride (10 ml, each) according to the procedure 
for compound 14. The amine trifluoroacetate salt 
was dissolved in a mixture of tetrahydrofuran (20 
ml) and distilled pyridine (2.0 ml). Acetic 
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anhydride (0.25 ml r 2.6 mmol) was added. After 
stirring for three hours the precipitate was 
collected on a fine glass filter and washed with 
tetrahydrofuran. Yield 361 mg (89%) Of a white 
solid melting at 187-190°C, which was pure by TLC 
(chloroform/raethanol/acetic acid: 70/25/5). 
Mj 6 « -6.1° (c * 1.0", DMSO). 

N*-Acetyl-N ' -Methyl-L-Glutaminyl-p- ( 6-Oxo-n- 
Heptanoylamino)-L-Phenylalanyl-Glycyl-Methylamide 

(22) ™— ■ 

Compound 21 (122 mg, 0.19 mmol) was 
. treated with methylamine in methanol (50ml) 
according to the procedure for compound 16. Yield 
86 mg (80%), mp 210-214°C, [*q£ 5 =-22.5° (c * 1.3, 

H 2 0). Anal. calc. for C 27 H 40 N 6°8 #H 2 0s Cf 56-04 ' 
H, 7.32; N, 14.52. Found: C, 56.21; H f 7.28; 
N, 14.30. 

Similar techniques to those illustrated 
above can be utilized to prepare any desired 
roonodisperse peptide carrier for use in preparing 
the conjugates of the invention. 

Preparation of Conjugates: 

The following examples illustrate the 
general methods used for the preparation of 
conjugates. The carriers were monodisperse peptides 
and the drug was norepinephrine: 

N^-t-Buty loxycarbonyl-p- [ 6- (1-3 ' , 4 ' -Dihydroxypheny 1-/ 6- 
Hydroxy) -Ethylamino-n-Heptanoylamino] -L-Phenylalanyl- 
Glycyl-Methylamide (23) 
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Method A 

The peptide derivative 19 (239 mg, 0.50 
mmol) and DL-norepinephrine (85 mg, 0.50 mmol) were 
dissolved in acetic acid (2 ml) and hydrogenated for 
two days at atmospheric pressure and room 
temperature over platinum dioxide catalyst (2 - 20% 
of weight of peptide). The solution was decanted 
from the catalyst and added to cold dilute 
hydrochloric acid (0.01 N, 50 ml). Extractions with 
chloroform and then with n-butanol were performed. 
The combined butanol extracts were washed with 
saline until neutral and evaporated under vacuum at 
less than 40°C. The residue was extracted with 
n-butanol (3x), filtered, and evaporated. The 
resulting oil was solidified by trituration with 
ether giving 230 mg of the hydrochloride salt of the 
title compound. This was then purified by HPLC. 
Yield 49% of the dihydrogen phosphate salt. 

Method B 

Compound 19. (2.56 g, 5.4 mmol) and 
DL-norepinephrine hydrochloride (1.19 g, 5.8 mmol) 
were dissolved in methanol (100 ml) containing 
acetic acid (0.5 ml). Sodium cyanoborohydride 
(0.46 g, 7.3 mmol) in methanol (20 ml) was added 
dropwise, and the solution was heated at 40°C for 20 
hours. Hydrochloric acid (0.1 N, 200 ml) was added 
at 10°C, and the solution was degassed under suction 
from a water aspirator. The solution was extracted 
with chloroform (3x). Concentrated sodium chloride 
was added and the product was extracted with n-butanol 
as described in Method A. The residue was purified 
by flash chromatography (55 X 150 mm column, eluting 
with a gradient of 4 to 15 parts methanol in 50 
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parts chloroform and 5 parts acetic acid). The 
eluate was reduced to one-tenth the original volume 
in -vacuo and added to cold 0.1 N HC1. The product 
was extracted and solidified as described in Method 
5 A. giving 1.46 g (41%) of the hydrochloride salt of 
the title compound, [at.)* 6 . +6.2° (c - 1.5, H„0). 
Anal. calc. for C^H^NgOgCl. 2/3BuOH.4/3H 2 0: 
C f 56.29; H, 7.81; N, 9.47. Pound: C, 56.28; 
H, 7.86; N, 9.41. 

10 N -Ace tvl-p- [6-(^-3' >4-Dihydroxyphenyl-£-Hvdroxy)- 

Bthylamino-n-Heptanovlaminol-L-Phenylalanyl-Glvcyl- 
Methvlamide (24) 

Method C 

The peptide derivative 16 (24 mg, 57 mol) 
15 and DL-nor epinephrine (9.7 mg, 57ytfiool) were 

hydrogenated as described in Method A. The reaction 
mixture was chromatographed on preparative TLC 
(silica, chloroform/methanol/acetic acid: 50/50/5). 
The product was identified on the plate by slight 
20 darkening due to oxidation, and by ultraviolet 

detection. The band was extracted with methanol, and 
the product was purified by HPLC. Yield 6.4 mg (17%) 
of the dihydrogen phosphate salt of the title 
compound. 

25 N 'Acetvl-N , ^Methvl-L-Glutaminyl-p-[6^(^-3 , ,4'- 
Dihydroxyphenyl-^-Hydroxy)-Ethylamino-n- 
Heptanoy 1 amino] -L-Phenylalanyl-N ' -Hethyl-L- 
Glutaminyl-Methylamide (25) 

Method D 

30 The tripeptide derivative , N^-acetyl-N 1 - 

methyl-L-glutaminyl-p-(6-oxo-n-heptanoylamino)-L- 
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phenylalanyl-N'-methyl-L-glutaminyl-roethylamide (55 
mg, 85/Uraol) and DL-norepinephrine hydrochloride 
(35 mg, 170^1*01) were dissolved in pH 5 sodium 
acetate buffer (0.2M, 6 ml). Sodium 
5 cyanoborohydride (38 mg, 0.60 iranol) in methanol 

(6 ml) was added, and the mixture was heated at 60°C 
for 48 hours. Most of the solvent was then removed 
by evaporation, and hydrochloric acid (0.2 N, 5 ml) 
was added. The mixture was filtered and applied to 

10 a Bio-gel P-2 column (1.6 x 75 cm) in the cold. The 
material was eluted with 0.01 N HC1. The salt of 
the title compound (4 mg, 6%) eluted at 0.161V t . 
The proton NMR spectrum of the product was identical 
to that of the same compound synthesized by Method 

15 C. 

N -t-Butyloxycarbonyl-tri-f-Hydroxy-L-<-Aroinovalervl- 
P- [6-^-3* ,4 , -Dihydroxyphenyl-/g-Hydroxy)-Ethylaroino-n- 
Heptanoylaminol -L-Phenylalanyl-Glycyl Methylaroide 
(26) 

20 Method E 

DL-norephinephrine.HCl (9.5 mg, 46 mol) 
14 

containing C-labeled tracer and a pentapeptide 
derivative N*-t-butyloxycarbonyl-tri-(X-hydroxy-L-<*- 
aminovalery 1 ) -p- ( 6-oxo-n-heptanoyl amino ) -L- 

25 phenyl al any 1-glycyl-me thy 1 amide (19.2 mg, 23yUmol) 
were dissolved in a mixture of methanol (4.5 ml) and 
0.2 H sodium acetate (pH 5) buffer. The solution 
was evaporated to a small volume, and n-butanol 
(3 ml) was added. Half of the volume of solvent 

30 then was removed in vacuo at 40°C. A solution of 
sodium cyanoborohydride (14 mg, 0.22 mol) in 
methanol (1 ml) was added, and the solution was 
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warmed at 50°C for 48 hours. The precipitate was 
removed by centrifugation and the product was 
isolated by reversed phase HPLC. Yield 10 mg (40%) 
of the dihydrogen phosphate salt of the title 
compound. The specific activity of the product was 
within 3% of that measured for the starting material. 

Biological Activity - in vitro 

The biological activity of the conjugates 
of the invention was tested in a wild type S49 cell 
assay. The assay is indicative of the relative beta 
adrenergic activity of the compound. The activity 
of each conjugate tested was compared to the 
activity of isoproterenol as the base standard. 

In the test, S49 cells were centrifuged 
and then resuspended (2 to 2.5xl0 6 cells per ml.) in 
Dulbecco's modified Eagle medium (13.3 g per liter) 
and 20mH Hepes (pH 7.4) + 0.1% bovine serum albumin* 
The S49 suspensions were incubated at 37°C for 10 
minutes without the conjugate and then added to 
tubes with or without the conjugate for an 
additional 6 minutes. The reaction was stopped by 
cooling on ice. Incubation without the conjugates 
present established a base line. 

After isolation of a pellet of cells by 
centrifugation they were resuspended and boiled. 
Aliquots were then used for the competitive binding 
assay for cyclic AMP described by Gilman in the 
Procedings of the National Academy of Sciences DSA 
67, 305-312 (1970). Results were plotted as pmol 
cyclic AMP accumulated .per 10 7 cells in excess of 
base line as a function of the log of the 
concentration of the analog. 
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The results in vitro testing of some 
typical conjugate compounds is set forth in Table 2 
below: 

Table 2. 



In Vitro Biological Activity a of 
Peptide Conjugates of Isoproterenol . 




OH CH, 
I + 1 3 

CH-CH 2 -NH 2 -CH- ( CH 2 ) n ~C0NH-R 



compound 



X = CI, H 2 P0 4 , 



n 



OAC 



Activity 
relative 
to 



A 


Ac-L-Phe-HPA 4 


9.0xl0~ 2 


B 


Ac-D-Phe-HPA 4 


4.0X10" 1 


C 


Ac-Phe-Gly-OH 4 


4.4xl0 -1 


D 


Ac-Phe-Gly-NHCH 3 4 


1.1 


E 


Boc-Phe-Gly-NHCH 3 4 


4.1 


F 


H-Phe-Gly-NHCH 3 4 


1.3xl0" 4 


G 


Boc-Gly-Phe-NHCH 3 4 


6.8xl0 -1 


H 


Ac-Glu(NHCH 3 )-Phe-Gly-NHCH 3 4 


3.7xl0" 6 


I 


Ac-Hyv-Phe-Gly-NHCH 3 4 


8.0xl0" 5 


J 


Ac-Cit-Phe-Gly-NHCH 3 4 


5.5X10" 2 


K 


Boc-Cit-Phe-Gly-NHCH 3 4 


3.8xl0" 5 


L 


Ac-Glu(NHCH 3 )-Phe-Glu(NHCH 3 ) 2 3 


4.5xl0" 6 


M 


Ac-Glu(NHCH 3 )-Phe-Glu(NHCH 3 ) 2 4 


2.3xl0~ 5 


N 


Ac-Glu(NHCH 3 )-Phe-Glu(NHCH 3 ) 2 5 


8.6xl0~ 6 


0 


Boc-Hyv 3 -Phe-Gly-NHCH 3 4 


1.0 


P 


Boc-Phe-Hyv 3 -Gly-NHCH 3 4 


7.9xl0 _1 
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Biological activity was measured by cyclic AMP 
accumulation in S49 cells. Relative activity is 
expressed as the ratio of K ft for isoproterenol to K A 
for the compound. 

^Abbreviations used* Ac s acetyl; Phe — 
phenylalanine? HPA = hydroxypropylamide; Gly * 
glycine; Boc s t-butyloxycarbonyl; Glu * glutamic 
acid; Hyv * f -hydroxy-^-aminovaleric acid; Cit = 
citrulline 

Biological Activity - in vivo 

In addition to the in vitro testing set 
forth above , in vivo testing was also conducted on a 
number of conjugates of the invention. The tests 
were conducted by injecting various doses of the 
test conjugate into the femoral vein of rats and 
thereafter recording changes in heart rate r arterial 
pulse pressure and mean pressure. 

More specifically, male Sprague-Dawley 
rats weighing 280-350 g had their femoral arteries 
connected to a Statham P-23 pressure transducer, 
which was in turn recorded on a Beckman Dynograph 
model R511A. Venus cannula were inserted in the 
femoral veins. Two syringes were attached to the 
veins via a 3 -way stopcock. One syringe contained 
heparinized saline (40 units/ml) while the other 
contained the conjugate to be tested. 

All cannulas were periodically flushed 
with the heparinized saline to prevent clots from 
forming. After the blood pressure and heart rate 
had stabilized, a volume of heparinized saline 
corresponding to the volume of drug conjugate the 
animal was to receive, was injected, and the 
response observed. Then various doses of the test 



-45 



0094844 



drug conjugate were injected with a minimum interval 
of ten minutes between doses. The dose range was 
from 0.001 to 10.0 mg/kg, with the doses always 
being administered in increasing amounts. 

Prom the dtug injections , a dose-response 
curve was obtained. The response curves were then 
compared to the animals' response to isoproterenol 
administered under the same conditions. Table 3 
below presents the results of these in vivo tests: 

Table 3. 

In Vivo Activity of Peptide 
Conjugates of Isoproterenol 



OH + CH 3 

HO Y^^iH-CH 2 -NH 2 -CH-(OT 

HO i^JJ H 2 P0 4 ~ 



Compound 


R 


In Vivo Activity a 
Relative to 
Isoproterenol 


E 


Boc-Phe-Gly-NHCH 3 


3.74 


G 


Boc-Gly-Phe-NHCH 3 


.92 


H 


Ac-Glu (NHCH 3 ) -Phe-Gly-NHCHj 


1.77 


I 


Ac-Hyv-Phe-Gly-NHCH 3 


1.48 


J 


Ac-Cit-Phe-Gly-NHCH 3 


.79 


K 


Boc-Cit-Phe-Gly-NHCH 3 


.22 


0 


Boc-Hyv 3 -Phe-Cly-NHCH 3 


.76 


P 


Boc-Phe-Hyv 3 -Gly-NHCH 3 


.59 
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a Biological activity in vivo was measured as the 
effective dose that reduces rat blood pressure by 
50%. Relative activity is expressed as the ratio of 
the molar ED 5Q of isoproterenol to the molar ED 5Q of 
the compound. 
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Claims 

1. A conjugate molecular composition comprising 

a carrier moiety and at least one drug molecule moiety 
containing a pharmacophore, each drug molecule moiety 
being covalently linked to the carrier moiety via 
a spacer grouping, the spacer grouping being linked 
to the carrier by reacted functional groups and to 
the drug molecule moiety by covalent attachment at 
a position on the drug molecule moiety remote from 
the pharmacophore. 

2. A composition as claimed in claim 1 wherein 
said drug molecule moiety is a catecholamine, a beta- 
adrenergic drug, a sympathomimetic drug or an autacoid. 

3. A composition as claimed in claim 1 or claim 

2 wherein two or more drug molecule moieties are covalently 
linked to said carrier moiety* 

4. A composition as claimed in any one of the preceding 
claims wherein the spacer grouping includes an alkyl 
chain. ■ * 

5. A composition as claimed in claim 4 wherein 

the alkyl chain is a branched methylene chain containing 
2-6 methylene groups. 

6. A composition as claimed in claim 4 or claim 
5 wherein. said spacer grouping has an amide group 
attached thereto intermediate said alkyl chain and 
said carrier. 

7. A composition as claimed in any one of claims 

1 to 3 wherein the spacer grouping is a branched chain 
organic grouping one end of which is covalently linked 
to said drug molecule moiety and the other end of 
which is covalently linked to a functional group and 
the reacted functional group is covalently linked 
to said carrier. 

8. A composition as claimed in any one of the preceding 
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claims wherein the carrier moiety is a natural or 
synthetic peptide or protein, or a monoclonal antibody, 

9. A composition as claimed in claim 8, wherein 
the carrier moiety is a peptide and an amino acid 
residue in said peptide is covalently linked to said 
spacer grouping via the reacted functional groups. 

10. A composition as claimed in claim 8 or claim 

9 wherein the carrier moiety is a monodisperse peptide. 

11. A composition as claimed in any one of the preceding 
claims wherein the carrier moiety is a peptide whose 
amine and carboxyl ends are protected. 

12. A composition as claimed in claim 1 having the 
general formula: 



B 



XT- (NH-CH-CO) a -NH-CH-C0- (NH-CH-CO) b ~] m X« 

Y* 
I 

Z 
I 

s 

DRUG 

where: 

A and B are oligopeptide blocks .wherein the 

amino acid residues are the same, or preselected 

sequences of amino acid residues; 

C is an amino acid residue functionalized for 

attachment to the drug molecule moiety ("DRUG"); 

S is a spacer grouping connecting the drug to 

reacted functional groups, Z, and wherein the 

spacer grouping includes a branched alkyl chain 

and wherein one end of said spacer grouping 

is covalently bound to the drug and the other 

end is covalently bound to said reacted functional 

groups and from thence to a side chain forming 

a portion, -Y 1 , of amino acid residue C; 

X is an amine-blocking group, or a hydrogen 

atom; 
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X' is a carboxyl-blocking group, or a hydrogen 
atom; 

Y is an amino acid residue side chain; 

a and b, which may be the same or different, 

represent zero or an integer; and m is an 

integer. 

13. A composition as claimed in claim 12 wherein 
the blocks A and B and the amino acid residue, C, 
comprise a monodisperse peptide carrier for said drug, 
or wherein the peptide blocks comprise a protein, 

a monoclonal antibody or a naturally-occurring peptide. 

14. A composition as claimed ih claim 12 wherein 
the peptide sequence of the carrier is: 

Ac-L-Phe-HPA 

Ac-D-Phe-HPA 



Ac-Phe-Gly-OH 

Ac-Phe-Gly-NHCH 3 

Boc-Phe-Gly-NHCH 3 

H-Phe-Gly-NHCH 3 

Boc-Gly-Phe-NHCH 3 

Ac-Glu (NHCH 3 ) -Phe-Gly-NHCH 3 

Ac-Byv-Phe-Gly-NHCH 3 

Ac-Cit-Phe-Gly-NHCH 3 

Boc-Ci t-Phe-Gly-NHCH 3 

Ac-Glu (NHCB 3 ) -Phe-Glu- (NHCH 3 ) 2 



Boc-Hyv 3 -phe-Gly-NHCH 3 
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or 

Boc-Phe-Hy v 3 -Gly*NHCH 3 , 

15. A method for producing a composition as claimed 
in any one of the preceding claims comprising reacting 
at least one drug containing a pharmacophore with 

a f unctionalized spacer -moiety to produce a drug congener 
in which said spacer moiety is linked to said drug 
at a position remote from the pharmacophore and reacting 
said congener with a carrier to link said congener 
covalently to said carrier via said f unctionalized 
spacer moiety. 

16. A method as claimed in claim 15 wherein the 

drug is a catecholamine and the spacer moiety is linked 
to the amine containing grouping of said catecholamine. 

17. A method for producing a composition as claimed 
in claim 10, comprising synthesizing a monodisperse 
peptide, linking a functional ized spacer moiety to 
at least one preselected amino acid residue on said 
peptide, and then reacting said peptide and its attached 
spacer moiety with a drug molecule to link said spacer 
moiety and thereby said peptide covalently to said 

drug to form said composition. 

18. A method as claimed in claim 17 wherein the 
drug is a catecholamine and is linked to said spacer 
moiety and the peptide at the amine end thereof. 

19. A method as claimed in claim 18 wherein the 
catecholamine is linked to said spacer moiety and 
peptide by a reductive ami nation reaction. 



